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PHYSICAL GEOGRAPHY. 



PnjgucAL or natural geography might, 
if v*J?egarded merely the strict mean- • 
ing of file words, be limited to signify 
no more than a description of the prin- 
cipal features of the earth's surface; 
but it is usual, in treatises upon this 
branch of geography, to touch also 
upon the subject of climate and tem- 
perature, — to show how these, together 
with other natural causes, affect the 
condition of the human race — and to 
advert, in a general manner, to the 
animals and productions of the 
globe. 

" Geographical terms explained. 

In looking over a map of the world, 
it is seen at once that the surface con- 
sists of various spaces of land, sur- 
rounded by an extensive field of water 
called the sea or ocean. Of these spaces 
of land, two are of vast extent, and on 
this account are termed continents*, 
(derived from a Latin word signifying, 
holding together or connexion). The 
larger of these continents includes the 
three divisions of Europe, Asia, and 
Africa, and is distinguished by the title 
of the old continent, from its having, till 
the discovery of America, by Columbus 
in the year 1492, been the only one with 
the existence of which Europeans were 
acquainted. The other, which includes 
North and South America, is named 
the new continent. The smaller por- 
tions of land which are scattered over 
the ocean are denominated islands. A 

• New Holland, by some geographers, is regarded 
as a third continent ; but if we consider how much 
smaller it is than either of the two vast tracts above- 
mentioned, it will appear correct rather to assign it 
the first station among the islands of the globe. New 
Holland and the islands around it are, however, not 
unworthy of being classed as the fifth grand division 
of the world. English geographers have named them 
Australia (that is* Sovt/ur» lands.) 



great many islands lying together are 
called an archipelago. 

In many places the land and the 
ocean run one into the other. When 
the ocean penetrates into a continent by 
a narrow passage, and then spreads 
again into a large expanse, this inland 
portion of the ocean is usually termed 
a sea. If the extent of such an inland 
sea be less, or the passage by which 
it communicates with the main ocean 
larger, it is called a gulf or bay. An 
inland body of water not connected with 
the ocean or any of its branches, is 
called a lake. A narrow passage of 
water leading from one sea to another 
is called a strait ; a narrow neck of land 
lying between two seas, and connecting 
two masses of land greater than itself, 
is called an isthmus. When, on the 
other hand, a part of a continent runs 
out into the sea, and is joined to the 
main land by only a small portion of its 
circumference, it is named a peninsula, 
(that is, an almost island). If the pro- 
jections of land reach but a little way 
into the sea, they are called capes, head- 
lands, or promontories. 

General View of the Globe as consist- 
ing of Land and Sea. 

There is, in fact, only one continuous 
fluid surrounding the land, aL tne gulfs 
and inland seas being branches t of 
this universal ocean ; but for the sake 
of convenience different parts of it have 
distinct names given to uiem. The fol- 
lowing table, exhibiting the principal 
seas into which the ocean has been di- 
vided, will be clearly understood upon 
referring to the map of the world on 
Mercator's projection : — 

f The Caspian Sea, as it is generally termed, forms 
no exception to this remark, because it is in fact only 
an immense lake* 

B 
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The West- 
ern basin, 
forming a 
channel be- 
tween the 
old and new 
continents. 



1. The Antarctic Ocean, which is comprised within the Antarctic 
circle, that is, between the parallel of 66° 32' of southern latitude 
and the South Pole. • 

2. The Southern Ocean, the boundary of which on one side is the 
Antarctic circle, on the other a line drawn from Cape Horn to the 
.Cape of Good Hope, thence to Van Diemen's Land, and again 
by the south of New Zealand to Cape Horn. This line forms the 
southern boundary of Nos. 3 and 4. 

3. The Indian Ocean, lying between Africa on the west, and the 
peninsula of Malaya with the islands of Sumatra, Java, &c, and 
New Holland, on the east, and bounded by Persia, and Hindustan 
on the north. The Red Sea, or Arabian Gulf, the Persian Gulf, 
and the Bay of Bengal are all parts of this ocean. 

4. The Pacific Ocean, divided by the equator into North and 
South, and inclosed between America on the east, and New Hol- 
land, the islands of Java and Sumatra, and the continent of Asia, 
on the west. On the north it terminates at Behring's strait. The 
seas of China^ Japan, Okhotsk, &c. form parts of this ocean^ 



aim 



1. The Atlantic Ocean, commencing in the south from a "line 
drawn from Cape Horn to the Cape of Good Hope,and terminated on 
the north by the Arctic circle. It is divided into North and South 
by the equator, and its branches are the Mediterranean, the North 
Sea or German Ocean, the Baltic, Baffin's Bay, Hudson's Bay, 
the Gulf of Mexico and the Caribbean Sea. 

2. The Arctic Ocean, surrounding the North Pole, and bounded 
by the Arctic circle and the northern shores of the two continents. 

, The "White Sea, the sea of Kara, and the Gulf of Obe are parts of it. 



The Ocean is spread over nearly se- 
ven-tenths of the globe ; but it is re- 
markable how unequally the land and 
water are distributed. If we look at a 
map of the world projected upon the 
horizon of London, in which map, con- 
sequently, London forms the centre of 
the one hemisphere and the antipodes * 
to London, the centre of the other ; the 
first hemisphere, it will be seen, contains 
a very large proportion of the whole of 



the land, while the second, if we except 
New Holland and the extremity of 
South America, from the twenty-ninth 
degree of south latitude, consists almost 
entirely of water. The distribution of 
water and land is still very unequal, if 
we compare only the northern and 
southern hemispheres, that is, the two 
equal parts into which the globe is di- 
vided by the equator. The following 
calculation will plainly exhibit this fact : 



Considering the whole space included in the northern part of the torrid 
zone, as equal to 1, the proportion of land is ... 0.297 

On the same supposition, the proportion of land in the northern tem- 
perate zone is . . . , , . . . 0.559 
And in the northern icy zone . . . . . .0.400 

In the southern part of the torrid zone, the portion of land is . .0.312 

In the southern temperate zone ...... 0.075 

In the southern icy zone (supposed) ..... none. 

In other words, if the quantity of land in the northern hemisphere be repre- 
sented b]M 6, the quantity in the southern will be scarcely equal to 5. 

About the middle of the last century south pole does not of itself prove that 



it was asserted that a great continent 
must exist towards the south pole, in 
order to counterbalance the mass of 
land in the northern hemisphere ; but 
by the voyages of Cook and others, it 
has been proved that the high southern 
latitudes contain only a few islands. — 
The absence of a continent near the 



there is less land there than in the north, 
since it is possible that the land in ge- 
neral may be only rather more de- 
pressed in the south, the necessary re- 
sult of which would be, that the ocean 
would spread itself more extensively 
over the surface of the earth in that 
quarter. 



•As all island lying to the south-east of New Zealand, and called Antipodes island, is very nearly 

the antipodes to London, A 
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On the Figure, <£t?., of the Continents. 

The general direction of the land in 
the two continents is entirely different. 
In America, it is from pole to pole ; in 
the old world, it is from south-west to 
north-east, and, if we keep Africa out of 
view, it is almost parallel to Ihe equa- 
tor. The longest straight line that can be 
drawn on the old continent commences 
on the western coast of Africa, from 
about Cape Verd, and extends to Bear- 
ing' s strait in the north-east of Asia. 
It is about 11,000 miles in length. 
A similar line, traced along the new 
continent, passes from the strait of 
Terra del Fuego, to the northern shore 
of North America, and is nearly 9000 
miles long. In both continents the di- 
rection of the large peninsulas is simi- 
lar, almost all of them running towards 
the south. This is the case with South 
America, California, Florida, Alaska, 
and Greenland in the New World, and 
in the Old with Scandinavia, Spain, 
Italy, Greece, Africa, Arabia, Hindus- 
tan, Malaya, Cambodia, Corea, and 
Kamtchatka. The only exceptions to 
this remark, are the peninsula of Yu- 
catan in Mexico, and that of Jutland in 
the north-west of Europe. Both of 
these are directed towards the north ; 
but they consist of plains and alluvial 
land, whereas the other peninsulas are 
more or less of a mountainous charac- 
ter. There is a further resemblance be- 
tween the two continents, from each be- 
ing divided into two parts by an isth- 
mus * ; but in the character of their 
outlines they differ very much : for 
while the coast of the Old World (in- 
dependent of Africa) is broken equally 
on all sides by gulfs, bays, and inland 
seas, the New World has a series of 
openings on its eastern shore only. Of 
its western side, the only inlet of any 
magnitude is the gulf of California. 

On Mountains. 
Mountains are the most considerable 
elevations of the surface of the earth. 
They may be divided into two classes : 
those of which the chains are the most 
lofty, rugged, and extensive, such as 
the Andes, the mountains of central 
Asia, the Alps, &c, and those of a less 
majestic character, which frequently 
form branches as it were of the first 
class. The Apennines, which traverse 
the whole length of Italy, and the Caf- 

* The isthmus of Suez is composed of sand ; thai 
of Manama or ftarien consists of stupendous rock*. 



pathian range* which ill a "great mea- 
sure surrounds Hungary, are of this s£- B . 
cond description. Ail elevations which 
are either of such an inferior kind, or 
take place in such a gradual manner as 
not to come within these two classes, 
are termed hills or slopes. 

Mountains most commonly are so 
near to each other, and are disposed in 
such a manner, as to give the idea of 
chains. A chain may be defined as a 
series of mountains, the bases df which 
are continuous ; but it is well to observe 
that the name is sometimes applied to 
collections of hills without much regard 
to its strict meaning. Sometimes chains 
run out from a common centre : those 
which proceed from the high table-land 
of central Asia, may be considered as an 
example ; at others the centre mass IN 
self is a lofty chain to which secondary 
chains are attached : such are the Alps. 
In some instances there are irregular 
groups of several chains, among which 
none can be ranked as the principal : of 
this the mountains in Asia Minor and 
Persia are examples. The most remark- 
able, however, are long connected 
chains, which, like the Andes*, con* 
tinue for several thousand miles, nearly 
in one direction, having on both sides 
inferior ranges, but sending off hardly 
any secondary chains. These appear 
to be of the highest antiquity. 

Some mountains are completely insu- 
lated, that is, are quite remote from any 
chain or group. Volcanoes are more 
particularly of this kind. 

The character of mountains would 
seem to depend upon the sort of rock 
of which they are composed. . Granite* 
when exposed, forms lofty and rugged 
elevations ; gneiss is much less preci- 
pitous, and slate commonly not at all 
so. In this respect there is a remark- 
able difference, which Humboldt has 
noticed, between the Old and New- 
Continents. In the former the highest 
points of the Alps consist of granite ; but 
in America, granite is not found higher 
than 11,000 or 12,000 feet above the 
level of the sea,and the newest floetz trap 
or whinstone, which in Europe appears 
only in low mountains, or at the foot of 
those of great magnitude, covers the 
tops of the Andes. Chimborazo and 
Antisana are crowned with vast walls 
of porphyry ; and basalt, which in out 

t the name of Andes is given only to the chain on 
the west coast of South America} the cofttinuatie* of 
that chain in North America has other HUM f Ut 
they cyidently;foTm one grand whole. 
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continent has not been observed higher 
^han 4300 feet, is on the very summit 
of Pichincha. Other secondary forma- 
tions, among which maybe mentioned 
limestone, are. also found at greater 
heights in the New than in the Old 
world. ' 

With respect to their declivities, it is 
observed that most of the principal 
mountains have one of their sides very 
steep, and the other of a gradual slope. 
The Alps, for instance, have a much 
more abrupt descent on the side of Italy 
than on that of Switzerland ; the Pyre- 
nees are steeper towards the south than 
the north, while the chain of Asturias, 
which branches westward from the 
Pyrenees, is just the reverse. Mount 
Taurus, in the part where it approaches 
the Mediterranean and the Dardanelles, 
is abrupt on the south, but in Armenia 
it has a rapid descent northward. The 
mountains of Scandinavia are steeper 
towards the west and north-west, than 
the south and east ; and the Ghauts in 
Hindustan are in like manner precipi- 
tous on the 'west, and sloping in the 
opposite direction. With all these 
chains, therefore, and indeed with most 
of the chains of the globe, their steepest 
side is found to be that which ap- 
proaches most nearly to the sea, and 
consequently their inclination is most 
gradual towards the interior' of the" 
country in which they are situated. 

Mountains in their course commonly 
tnake numerous curves and angles ; but 
in most cases the general direction of 
the principal chains appears almost, if 
not entirely, to correspond with the 
greatest length of the continents to 
which they belong. The Andes in 
South and the Stony Mountains in 
North America exemplify this remark ; 
as do also the chains which, with little 
interruption, pass from the north-eastern 

?oint of Asia to the south-west coast of 
'ortugal, and to the western side of 
Africa. The secondary chains, in the 
same manner, frequently follow the 
greatest length of the large peninsulas. 
This is the case with the Apennines in 
Italy, the Dovreiield in Scandinavia, 
the Ghauts in Hindustan, &c. 

In order to obtain a connected view 
of the loftiest and most extensive system 
of mountains upon the globe, we must 
suppose ourselves placed in New Hol- 
land with our face turned towards the 
north; America will then be on the 
right, Asia and Africa on the left* 
From Cape Horn to Behring's strait 



along the western coast of America, 
there is an almost uninterrupted range 
of the highest mountains : from Ben- 
ring's strait again succeeds an enor- 
mous line passing in a south-westerly 
direction through Asia, leaving China 
and Hindustan to the south, somewhat 
interrupted as it approaches Africa, but 
still to be looked upon as continuing its 
course in the mountains of Persia and 
Arabia Felix. From Cape Gardafui in 
Africa to the Cape of Good Hope, there 
appears to be a chain which completes 
the view. The series of mountains 
which we have thus followed, is in the 
form of an immense irregular curve, 
which comprises within it, the Pacific 
and Indian Oceans, with their innu- 
merable islands, besides a portion of 
Asia, including China, the Birman 
dominions, and the Indian peninsula. 
It presents a steep face towards these 
oceans, while, on the other side, the 
land very generally slopes towards the 
Atlantic and Arctic Oceans. 

The following is a table of the height 
of some of the principal mountains of 
the globe, reckoning from, the level of 
the sea. The elevations of those in 
Asia and Africa are far from having 
been ascertained with accuracy. Some 
recent measurements make the highest 
summits of the Himalayan range as 
much as 28,000 feet; but, though 
these calculations seem very doubtful, 
it is not unlikely they are at least 25,000 
feet high* 

Europe. 



Mont Blanc t . . . > 
Mont Rosa 



Order Spitze in the Tyrol 
Aiguille d'Argenlure 

Eiger 

Jungfrauhorn . . . 

Shreckhorn 

Wetterhom 

Pass of Great St. Bernard 

Ditto of Mont Cenis . 

Ditto of the Simplon 



. The Alps 



Feet 
15,668 
15,527 
15,430 
13,389 
13,170 
13,730 
13,310 
12,500 
7,968 
6,778 
6,580 



I Pyren 



Nethout . . . . ^ . . . 11,427 

11,275 
9,145 
9,523 
7,962 
8,122 



Perdu 

Canigou 

Monte Corno t (Apennines) 

Lomnitz t (Carpathian) .... 

Sneehaettat (Dovrefieldin Norway) 

Mulhaeen f (Sierra Nevada of Grenada 

in' Spain) 11,678 

Mont Mezin f (Cevennes in the south. 

east of France) .... 6,567 
Puy de Sancyt (Mountains of Au- 

vergne in France) . . . . 6,215 
Etna • in Sicily ..,..« 10,870 
Vesuvius * near Naples . . « • 3,932 
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Asia. 

Mowna Roa (Sandwich Is.) 
Ophir (Sumatra) . 

Egmont (New Zealand) . , 
Italitzkoi (Altaian chain) 
Ararat (Armenia) .... 
Olympus (Anatolia) .... 
Awatslia* (Kamtchatka) . , 
Lebanon (Palestine) 

Africa. 

Geesh . \ 15,000 

Amid Amid > Abyssinia .... 13,000 

Lamalmon 1 11,200 

Chain of Atlas f 11,980 

PeakofTeneriffe* . . . . 12,180 

America. 



Feet. 

28,077 

25,747 

15,988 

13,840 

11,430 

10,735 

9,600 

6,500 

9,600 

9,600 



•Andes 



Chimborazo t • • . . "\ 

Cayambe 

Antisana* .... 
Cotopaxi* .... 
Yliniza ..... 

Tolima 

Cotocache .... 

Pichincha * 

Farm of Antisana (inhabited) 

City of Quito 

Popocatepetl 

lztaccihuatl 

Coffer of Perote 

Lake of Toluca 

Silla de Caraccas (Venezuela) . 

Duida (Mountains of Parime) 

Itacolumi (Brazil) .... 

Mou nt Washi ngton i ( Alleghanies) 

Blue Mountains (Jamaica) . 

Mount St. Elias 

Mount Fairweather ... 



'* 1 

srote I 
uca J 



Mexico 



21,425 

19,633 

19,136 

18,867 

17,376 

18,324 

16,436 

15,931 

13,437 

9,542 

17,720 

15,705 

13,275 

12,195 

8,633 

8,314 

5,756 

6,650 

7,278 

17,863 

14,736 

(Notk) Those marked * are volcanoes. And t are 
the highest points of the range to which they belong. 

On Volcanoes* 

The term Volcano (derived from 
Vulcanus, the name which the Ro- 
mans gave to their imaginary god of 
fire) is applied to those mountains which 
send forth from their summits or sides, 
flame, smoke, ashes, and streams of 
melted matter called lava. Upon as- 
cending to the top of a mountain of this 
kind, there is found to be an immense 
and deep hollow, which is denominated 
the crater or cup. From most of the 
volcanoes which are not extinct, there 
is a smoke more or less frequently aris- 
ing ; but the eruptions, which are dis- 
charges of stones, ashes, lava, &c, 
accompanied with lofty columns of fire, 
violent explosions and concussions of 
the earth, happen at irregular and 
sometimes very long intervals. It 
seems to be a very general rule that tiie 



greater the mass and the elevation of the 
mountain, the less frequent and more 
tremendous are the eruptions. Strom- 
boli, the small volcano on one of the 
Lipari islands, is almost always burning ; 
Vesuvius has more frequent eruptions 
than Etna ; while the immense summits 
of the Andes, Cotopaxi, and Tungu- 
rahua have an eruption hardly once in 
a century. The volcanoes of America, 
besides the common lava and rocks, 
&c, cast out scorified clay, carbon, 
sulphur, and water *, accompanied, in 
some instances, by fishes. 

The eruption the most astonishing, 
perhaps, of any upon record is that 
which, in April 1815, issued from the 
Tomboro mountain in Sumbawa, one 
of the islands of the Indian Archipelago 
(see Notes to chap. i. of Baffles' History 
of Java) ; and we mention it, in order to 
give an idea of the violence which some- 
times characterises volcanic agency. 
The tremulous motions which the ground 
underwent, during this eruption, were 
felt throughout a circular space of near- 
ly 2000 miles in diameter, and the report 
of the explosions was heard over an 
equally extensive area. Within its more 
immediate range, embracing a space of 
300 miles around it, it excited the great- 
est alarm. On Java, at the distance of 
300 miles, the sky was overcast at mid- 
day with clouds of ashes, the showers of 
which covered every thing to the depth 
of several inches ; and explosions were 
heard, at intervals, like the report of 
artillery or the noise of distant thunder. 
On Sumbawa itself thousands of indivi- 
duals were destroyed by the fury of the 
eruption. 

"What may be termed mud volcanoes, 
from their having eruptions of mud only, 
are another curious phenomenon. One 
of these, which is situated towards the 
middle of the island of Java, in a plain 
abounding with salt springs, is thus de- 
scribed in the 9th volume of itieBatavian 
Transactions: " On approaching it from 
a distance, it is first discovered by a large 
volume of smoke, rising and disappear- 
ing at intervals of a few seconds, resem- 
bling the vapours arising from a violent 
surf: a dull noise is heard, like that of 
distant thunder. Having advanced so 
near, that the vision was no longer im- 
peded by the smoke, a large hemispheri- 
cal mass was observed, consisting of 
black earth mixed with water, about 16 
feet in diameter, rising to the height of 

• Etna has been known to eject Wate*. -* 
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9* or 30 fcet hi a perfectly regular man- a complete series of volcanoes may be 
ner, and, as it were, pushed up by a force traced. The Aleutian islands, which 
beneath— which suddenly exploded with stretch from that peninsula to the op- 
a dull noise, and scattered about a vo~ posite peninsula of Kamtchatka, pos- 
lume of black mud in every direction, sess several. On Kamtchatka, there 
After an interval of two or three, or are some of great violence. The islands 
sometimes four or five, seconds, the of Japan and Formosa have several, 
hemispherical body of mud or earth rose and beginning with Sumatra and Java, 
and exploded again. In the same man- they are scattered all over that immense 
ner this volcanic ebullition goes on with* Archipelago which forms so remark- 
out interruption. The spot where it able a feature of the Pacific Ocean, 
occurs is nearly circular and perfectly In. the Indian Ocean, the Islands of 
level ; it is covered only with the earthy St. Paul, Amsterdam, and Bourbon, 
particles, impregnated with salt water, have volcanoes in action. The most 
whioh are thrown up from below : the formidable volcanoes of the Mediter- 
eireumference may be estimated at about ranean are Etna in Sicily, and Vesuvius 
half a mile. A strong, pungent, sul- upon the coast of Naples. Between 
phureous smell is perceived on standing these two mountains are the Lipari 
near the explosion, and the mud recently islands, all of volcanic character. The 
thrown up is warmer than the surround- Atlantic Ocean contains several groups 
ing atmosphere. During the rainy sea- of this kind ; Iceland has suffered fre- 
son these explosions are more violent." quently from the terrifio eruptions of its 
The mountain of Maccaiuba in Sicily, volcanoes ; the Azores and the Canaries, 
and some hills at the town of Taman in and some of the West India islands, 
the Crimea, are also distinguished by also experience the effects of subterra- 
eruptionsof mud. nean fire. s ' 

It is remarkable, that in the Old In some places, parts of the land 

Continent, the principal chains of which are covered by the waters of the 

mountains contain no volcanoes, and ocean are the seats of volcanoes ; and 

that islands, and the extremities of it has sometimes happened, that new 

peninsulas, are alone the seats of these islands have been formed during sub- 

convulsions ; while in the New World, marine eruptions. A recent instance of 

the immense range which runs along this kind occurred in 1811, in the 

the shore of the Pacific Ocean pos- neighbourhood of St. Michael, one of 

sesses more volcanoes than are to be the Azores, the small group which lies 

met with in the whole of the Old Con- about 800 miles to the west of Portugal. 

tinent and its adjacent islands. Pro- This new island has since disappeared. 

fessor Jameson has given the follow- It is probable, that some clusters of 

mg estimate of the number of vol- islands (among which are the Azores, 

eanoes :— just mentioned, and the Lipari islands 

Continent of Europe i» north of SicUy) owe their origin to the 

islands of ditto ,12 breaking out of submarine volcanoes. 

Continent of Asia 8f Several mountains bear evident marks 

Islands of ditto 58 of having at some very distant period 

Continent of America 97 been the outlets of fires ; and on this 

Islands of ditto 19 account, they are called extinct vol- 

No volcano has yet been discovered on canoeSt 

.the continent of Africa, but most of its On Valleys and Plains. 

groups of islands are distinguished by ^^ m ^ ^ es Jying ^^ 

A iine drawn round the Great Pacific ° P ?°k l ? r J tl ^ es ? { "tains or of hills, 

Ocean, so as to include the long range S™J th f lowe ? t P^ 13 co ? monl y the 

Of mountains on the west of Anerica, ** d • ° f + SOm l t ??? lt or nv f ££ lch 

the Asiatic peninsula of Kamchatka originates m the higher grounds. Those 

and the islands of Sumatra and Java ***** ^ "tains «« general 

will have within it, by far the grandest S3J°* a £ d lon ^ /ambling large 

and most extensive volcanic system on cl f* 0r fissure f 1 l A In som e of these 

the globe. Prom Terra del Fuego, (the ?T y8 L amQ I s the f lp u S ? n ^ P y renees ' 

lana of fire J to the peninsula of Alaska, U ha * been ob t erv . e ^ that the nooks or 

r - ' angles on each side correspond with 

• VetuTius. such exactness to projections on the 

t OnthepeaiwuiaofKamtciiatka. opposite side, that if it were possible 
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to exert a force sufficient to bring their 
sides together, they would fit into each 
other so closely, that no trace of the 
opening would remain. Such valleys 
as these would seem to have been 
formed by some convulsion of nature. 
The narrow openings which are the 
entrance to the high valleys, are called 
passes or defiles, and these are often of 
the most gloomy and terrific aspect. Val- 
leys, which are upon a lower level than 
the class just mentioned, 'are wider and 
more soft in their features, and gradu- 
ally lose themselves in the plains. 
Plains are likewise of two kinds. Those 
which are extensive, but very elevated, 
come under the denomination of table 
land. There are several plains of this 
sort ; but the most remarkable are those 
among the Andes*, those of Mexico, and 
the immense plains in central Asia, to 
the north and north-east of Hindustan. 
The great Himalayan and Altaian 
chains form the ramparts, as it were, of 
this extensive and desolate table-land, a 
large proportion ot which is the desert of 
Gobit or Shamo. The low plains, 
from the nature of their soil, seem for- 
merly to have been covered by the sea. 
The large plain, to the south of the 
Baltic, is one out of several instances of 
this character. 

On Islands. 
Large islands exhibit, on a smaller 
scale, the same appearances as the 
continents : upon them, therefore, it is 
unnecessary to make any observations , 
but with respect to smaller islands, the 
circumstance of their commonly being 
in groups or chains, deserves attention. 
Some are banks of sand, just raised 
above the surface of the water. Many 
islands, especially those in the South 
Sea, owe their origin to the marine in- 
sects which produce the coral. Some 
groups, as has already been observed, 
appear to have been raised up by the 
action of submarine volcanoes. Since 
the bed of the ocean possesses as much 
variety of surface as the land, there is 
no doubt that groups or chains of is- 
lands very near to each other, and which 
have not been raised up. by such pro- 
cesses as those just alluded to, are only 
the different summits of an extensive 
submarine system of mountains ; and 
when these collections of islands lie 



• The plains of Quito are 12,09$ feet abort the 
level of the sea. 

t This word, which is usually bat incorrectlj 
written Kgto *r Cobi, sjgnjfo » mU rifltfrt. 



close to mountains on shore, they may 
be considered as a continuation of the 
latter. The Aleutian isles, which run 
in a curve south of Bearing's strait, 
connect in this manner the mountains 
of the New with those of the Old World. 
In some cases, where a chain of islands 
extends from one part of the shore of, a 
main land to another, it would appear 
as if, at a remote period, the sea had 
overwhelmed a portion of the main 
land, leaving those spaces uncovered 
which now form the islands. This 
seems still more probable if the water 
on the land side of the chain be not very 
deep, or if the islands are of a lofty and 
mountainous character. It has been 
supposed that, among others, the West 
India islands and the Archipelago be* 
tween New Holland and the opposite 
coast of Asia, were rendered insular by 
an incursion of the ocean having de- 
tached them from the continents to 
which (if this supposition be just) they 
formerly belonged. 

On Springs and Rivers. 

The origin of the numerous springs 
that break forth from beneath the earth's 
surface cannot be referred to one exclu- 
sive cause. The internal reservoirs by 
which they are supplied are, in many 
cases, derived from the water which the 
earth absorbs from rains and melted 
snow ; from these reservoirs, wherever 
there is uneven or mountainous ground, 
the water flows out by minute fissures 
in the sides of the hills. But when we 
see springs rising up in plains, it is evi- 
dent that they must have ascended, that 
is, travelled in a direction contrary to 
that produced by the force of gravity, 
in order to reach the surface. This, no 
doubt, is sometimes to be attributed to 
water flowing under ground from distant 
elevations, and to the natural tendency 
of a liquid to find its level. But the 
rising up of springs, in plains, cannot 
always be accounted for in this man* 
ner ; and it has, therefore, been sup* 
posed, that the earth contains capil- 
lary tubes, the effect of which, in at- 
tracting liquids upwards, is explained 
in Chapter VIII., of the treatise upon 
Hydrostatics. It is also evident that 
such springs as suffer no diminution 
even from the longest continued dry 
weather, must be derived from a source 
quite independent of rains, and other 
external means of supply. They must, 
therefore, proceed from some vast body 
of water within the earth; and it has, 
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with apparent reason, been concluded, 
that many springs arise from the ocean 
filtering through the pores of the earth, 
the salt particles being lost in the 
passage. 

Springs, which have their waters 
combined with mineral substances, and 
are, from that circumstance, called 
mineral, are very numerous, and of va- 
rious kinds. JVarm and hot springs are 
also common, especially in volcanic 
countries, where they are sometimes 
distinguished by violent ebullitions. 
Iceland is noted for these curious phe- 
pomena : its celebrated boiling fountain, 
the great Geyser, frequently throws out 
its contents to the height of more than 
a hundred feet, sometimes to twice that 
elevation. 

Rivers are to be traced to springs, or 
to the gradual meltings of the ice and 
snow which perpetually cover the sum- 
mits of aU the most elevated ranges of 
mountains upon the globe. The union 
of various springs, or of these meltings, 
forms rivulets : these last follow the de- 
clivity of the ground, and commonly 
fall, at different stages, into one great 
channel, called a river, which, afc last, 
discharges its waters into the sea, or 
some great inland lake. The declivi- 
ties along which descend the various 
streams that flow into one particular 
river are called its basin, a term, there- 
fore, which includes the whole extent 
of country from which the waters of the 
river are drawn. As mountainous re- 
gions abound in springs, we find that 
most rivers, more especially those of 
the first class, commence from a chain 
of mountains : each side of a chain also 
has its springs, and the rivers which 
originate on one side flow in the oppo- 
site direction to those which rise on the 
other. As it is the property of water 
to follow the most rapid descent that 
comes in its way, the courses of 
streams naturally point out the vari- 
ous declivities of the earth's surface, 
and the line from which largje rivers 
flow in contrary directions will gene- 
rally mark out the most elevated parts 
of the earth. In European Russia, 
where the rivers are very extensive, there 
is, however, a singular exception to this 
rule, the line which separates the sources 
of those rivers being very little above the 
level of the Baltic or of the Black sea. 
It has been observed .by some writers, 
that the extent of a river is in propor- 
tion to the height of the range of moun- 
tains from which it descends. This is, 



in a certain degree, true, because the 
greater the bulk of the mountains, the 
more numerous the springs and torrents 
which they furnish; but the relation 
between the extent of a river and the 
surface of its basin is much closer and 
more invariable. Even this is not suf- 
ficiently comprehensive, for it is evident 
that the size of a river depends upon 
three circumstances — the surface of its 
basin — the abundance or otherwise of 
that surface in springs —and the degree 
of humidity possessed by the climate of 
the region from which it draws its sup- 
plies. As many springs, however, are 
formed by the rains, the second of these 
circumstances will, in some measure, 
vary with the last. By an attention to 
these remarks, the causes of the great 
size of the South American rivers will 
be apparent. The peculiar position 
of the Andes with respect to the plain 
of that continent,— the fact that by very 
far the largest proportion of its running 
waters are drained off in one general 
direction (towards the Atlantic)— the 
multiplicity of streams that intersect the 
country, — and the humidity of the cli- 
mate, all contribute to that result. The 
Andes being placed so near the coast 
of the Pacific, the rivers which flow 
from them into that ocean are small ; 
while those which flow on the other side, 
having such an immense space to tra- 
verse, are swelled into a most majestic 
volume before they reach the Atlantic. 
The physical circumstances of the old 
continent are unfavourable to the ac- 
cumulation of such vast bodies of water 
as the rivers of South America. Europe 
is not of sufficient extent ; Africa is op- 
pressed by a scorching climate, and 
abounds in sandy deserts ; in Asia the 
atmosphere generally is not so moist, 
while the more central position for the 
most part of the great mountainous 
range of that continent, and the exist- 
ence of capacious inland lakes*, which 
are the final receptacles of the streams 
that fall into them, are the causes why 
the waters are more equally drained off 
in different directions than in the New 
World. 

When water, by following a descent, 
has once received an impulse, the pres- 
sure of the particles behind upon those 
before will be sufficient to keep the 
stream in motion, even when there is no 
longer a declivity in the ground. The 
only effect is, that in passing along a 

. * The Caspian Sea and Jake Aral. 
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level, the course of the stream becomes 
gradually slower, an effect which may 
be perceived, more or less, in all run- 
ning waters that originate in mountain- 
ous or hilly tracts, and afterwards tra- 
verse the plains. The declivity of many 
great rivers is much less than might at 
first be supposed. The Maranon or 
Amazons has a descent of only 10| feet 
in 200 leagues of its course, that is, 5 Vth 
part of an inch for every 1000 feet of 
that distance. The Loire, in France, 
between Pouilly and Briare, falls one 
foot in 7,500, but between Briare and 
Orleans, only one foot in 13,596. Even 
the rapid Rhine has not a descent of 
more than four, feet in a mile, between 
Schaffhausen and Strasburg, and of 
two feet between the latter place and 
Schenckenschantz. When rivers pro- 
ceed through mountainous and rugged 
country, they frequently fall over pre- 
cipices and form cataracts, in some 
cases several hundred feet in depth. 
The most celebrated falls in the world 
are those of the Niagara, in North 
America. 

In the tropical regions most of the 
rivers are subject to periodical over- 
flowings of their banks, in consequence 
of the rains which annually fall in such 
abundance in those countries during the 
wet season. The overflow of the Nile 
was considered by the ancients, who 
were ignorant of its cause, as one of the 
greatest mysteries of nature, because in 
Egypt, where the overflow takes place, no 
rain ever falls. The apparent mystery is 
easily explained, by the circumstance 
of the rains descending upon the moun- 
tains in the interior of Africa where the 
Nile rises. The consequent accumu- 
lation of the waters among the high 
grounds gradually swells the river along 
its whole extent, and in about two 
months from the commencement of the 
rains, occasions those yearly inunda- 
tions, without which, Egypt would be 
no better than a desert. 

The disappearance of some rivers for 
a certain distance under ground is ac- 
counted for with equal facility. When 
a river is impeded in its course by a 
bank of solid rock, and finds beneath it 
a bed of a softer soil, the waters wear 
away the latter, and thus make for them- 
selves a subterraneous passage. In this 
way are explained the sinking of the 
Rhone, between Seyssel, and TEcluse, 
and the formation, in Virginia, of the 
magnificent rock bridge which over- 
hangs the course of the Cedar creek. In 



Spain the phenomenon exhibited by the 
Guadiana, which has its waters dis- 
persed in sandy and marshy grounds, 
whence they afterwards emerge in 
greater abundance, is to be referred to 
the absorbing power of the soil. 

Rivers, in their junction with the sea, 
present several appearances worthy of 
notice. The opposition which takes 
place between the tide and their own 
currents occasions, in many instances, 
the collection at their mouths of banks 
of sand or mud, called bars, on account 
of the obstruction which they offer to 
navigation. Some streams rush with 
such force into the sea, that it is pos- 
sible, for some distance, to distinguish 
their waters from those of the sea. The 
shock arising from the collision of the 
current of the majestic Amazons with 
. the tide of the Atlantic is of the most 
tremendous description. Many of the 
largest rivers mingle with the sea by 
means of a single outlet, while others, 
for instance the Nile, the Ganges, the 
Volga, the Rhine, and the Orinoco, be- 
fore their termination, divide into several 
branches*. This circumstance will de- 
pend upon the nature of the soil of the 
country through which a river runs ; 
but it also frequently results from the 
velocity of the stream being so much 
diminished in its latter stage, that even 
a slight obstacle in the ground has 
power to change its course, and a num- 
ber of channels are thus produced. 
Another cause may be assigned for the 
division into branches of those rivers, 
which, in tropical countries, periodically 
inundate the plains; the superfluous 
waters which, at those periods, spread 
over the country, find" various outlets, 
which are afterwards rendered perma- 
nent by the deepening of the channels 
by each successive flood. In some of 
the sandy plains of the torrid zone the 
rivers divide into branches, and, from 
the nature of the* soil and the heat of the 
climate, they are absorbed and evapo- 
rated, and thus never reach the sea. 

On Lakes. 
Lakes may be classed into four dis- 
tinct kinds. The first class includes 
those which have no outlet, and which 
do not receive any running water. They 
are usually very small ; some appear to 
be the craters of extinct volcanoes filled 

• The triangular space formed by a river pourine 
itself into the sea by various mouths, is called a 
Delta, horn its resemblance to the shape of the fourth 
letter (A) <rf the Greefc alphabet. ^ ft 
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with water. The second class are those 
which have an outlet, but which receive 
no running water. They have been 
formed by springs flowing into some 
large hollow : upon the water rising up 
to the top of the hollow, it would, of 
course, run over the lowest part of the 
edge, and thus find an outlet, and these 
outlets are, in some cases, the begin* 
nings of very large rivers. As these 
lakes receive no stream, they must 
necessarily, in most cases, be in ele- 
vated situations. There is one of this 
kind on Monte Rotondo in Corsica, 
which is 9000 feet above the level of 
the sea. 

The third class, which embraces all 
those which both receive and discharge 
streams of water, is much more nume- 
rous lhan any. Though they are the 
receptacles of many streams from the 
neighbouring country, they usually have 
each but one outlet, which often takes 
its name from the principal river that 
runs into the lake. The largest lakes 
of this class are the immense bodies 
of water in North America, between 
Canada and the United States- There 
are five, ;(Superior, Michigan, Huron, 
Erie, and Ontario,) almost like seas in 
extent, connected together, and their 
purity is maintained by means of the 
continual flow of water which is kept 
up from one to another. Their final 
outlet to the Atlantic Ocean is the great 
river St. Laurence. Lake Baikal, in 
Asiatic Russia, is also remarkable for 
its size ; it sends forth a large stream 
which joins the Yenisei. 

The fourth class of lakes comprises a 
very small number, but they are the 
most singular in their character of all. 
They are those which receive streams 
of water and often great rivers, but 
have no visible outlet whatever. The 
most celebrated are the Caspian Sea 
and Lake Aral, both situated in the 
west of Asia. The Caspian is between 
600 and 700 miles long, and, in one part, 
between 300 and 400 miles in width; 
it receives some very large rivers, the 
chief of which, are the Volga, the Ural 
or Yaik, and the Kur; yet, notwith- 
standing the plentiful supply of water 
which is constantly being poured into 
it, it not only exhibits no increase, but 
there is strong reason to believe, from 
the appearances round its shores, that 
its surface is now much lower than it 
was at a former period *. Many con- 

* By means of observations made with the bavome* 
ter upon the coasts of the several was, the surface 
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jectures have been offered to account 
for this apparent anomaly ; but, after 
all, the process of evaporation seems 
quite sufficient to explain it, especially 
when we consider the extensiveness of 
the surface which this inland sea (as it 
is termed) presents, to be acted upon 
by the atmosphere. Lake Aral is much 
smaller than the Caspian, but possesses 
the same peculiarities, and, from the 
character of the isthmus which sepa- 
rates them, it is supposed that they for- 
merly composed one body of water. 
They are both salt lakes, and are dis- 
tinguished by marine productions ; from 
these circumstances it has been con- 
jectured that they must, at a very remote 
period, have been connected with the 
Black Sea. If such a connection ever 
existed, the separation may have been 
occasioned by an accumulation of allu- 
vial soil, brought down by the rivers 
Don and Volga. 

The phenomena presented by some 
lakes are of a very! curious kind. Se- 
veral of these bodies of water are pe- 
riodical in their appearance. In tropi- 
cal countries, owing to the violent rains 
and the overflowing of the rivers, spaces 
of several hundred miles are often co- 
vered with water. South America has 
large lakes which are annually formed 
in this manner, and are again dried up 
by the powerful evaporation of an equa- 
torial climate. Some lakes there are 
which periodically appear and disappear, 
owing (it is thought) to their invisible 
connexion with some subterranean re- 
servoir, by the alternate increase and 
diminution of which they are necessa- 
rily influenced. Lake Cirknita in Illyria 
is of this description. The motions and 
agitations which certain of Ihese bodies 
of water experience are more difficult 
to explain. Some of them appear agi- 
tated by the escape of subterraneous 
gases, or by winds that blow in some 
cavern with which they communicate. 
Loch Lomond, in Scotland, and Lake 
Wetter, in Sweden, are often violently 
agitated during the calmest weather. 
The floating islands which exist in se- 
veral lakes, seem to have been formed 
by the water first undermining and then, 
detaching from the bank very light earth 
of the nature of peat ; sometimes they 
are merely reeds and roots of trees 
woven together. Those of the lake of 

of the Caspian was ascertained to be 3J6 feet below A 
that of the Baltic, and nearly 345 below that of the • 
BU'jkSea. 
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Grtrdau, in Prussia, are said to yield 
pasturage for one hundred head of 
cattle ; and in the lake of Kolk, in Osna- 
bruck, there ia one which is covered 
-with ehn trees. 

On the Change* which take place in the 
Earth's Surface.— Action of Running 
Water 8. —Breaking down of Coasts. 
— Encroachment of Sands. — Form- 
ation of New Islands. -^-Volcanoes. — 
Earthquakes. 

From the quiet and regular succession 
of natural events to which we are accus- 
tomed, and the repugnance we feel to 
the idea that it is possible for the 
course of nature to suffer interruption, 
we might, without due investigation, 
almost persuade ourselves that the phy- 
sical features and condition of the globe 
possess an unchangeable character. So 
far, however, is this from being the 
case, that there is no country wherein 
traces are not discoverable of the great 
changes and violent revolutions of which 
the earth has formerly been the theatre. 
The confusion often exhibited in the 
position of the different strata or layers 
of which the crust of the earth is com- 
posed, the frequent discovery of the re- 
mains of animals and vegetables deeply 
buried in the soil, and many other ap- 
pearances, testify that the surface of the 
globe has undergone convulsions, to the 
production of which none of the natural 
agents with which we are acquainted 
can be regarded as adequate; unless 
they once acted in a method, and with 
an extent of violence, of which it is im- 
possible for us, by reference to what 
now exists, to form a conception. "The 
lowest and most level parts of the earth 
exhibit nothing, even when penetrated 
to a very great depth, but horizontal 
strata, composed of substances more or 
less varied, and containing almost all 
of them innumerable marine produc- 
tions. Similar strata, with the same 
kind of productions, compose the lesser 
hills to a considerable height. Some- 
times the shells are so numerous as to 
constitute of themselves the entire mass 
of the rock ; they rise to elevations su- 
perior to the level of every part of the 
ocean, and are found in places where 
no sea could have carried them at the 
present day, under any circumstances ; * 



* Fossil shells have been found on the summits of 
the Pyrenees ; and among the Andes as much as 
13 and H,W0 feet above the level of the sea. 
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they are not only enveloped in loose 
sand, but are often inclosed in the 
hardest rocks. Every part of the earth, 
every continent, every island of any ex- 
tent, exhibits the same phenomenon." 
(Cuvier's Essay on the Theory of the 
Earth.) The perfect state in which 
these shells are generally found, and the 
regularity, thickness, and extent of the 
beds that contain them, prove that they 
could not have been deposited in their 
places by any temporary invasion of 
the sea, but that the water must have 
remained there long enough in a state 
of tranquillity, to have allowed them 
gradually to deposit themselves. Some 
of the strata of marine formation are 
much more recent than others ; while 
in the midst of even the oldest strata of 
this kind, other strata appear full of 
animal or vegetable remains of land or 
freshwater productions. On these ac- 
counts, it would seem as if the land, 
now inhabited by man, had experienced 
various successive irruptions and re- 
treats of the sea. There are also ap- 
pearances which lead to the conclusion 
that the catastrophes which have occa- 
sioned these changes have been sudden 
and violent. To numberless living be- 
ings, they were the messengers of de- 
struction* and of many, the very races 
have been utterly extinguished. Cuvier, 
the celebrated French geologist and 
natural historian* from an observation 
of the fossil bones of more than one 
hundred and fifty quadrupeds, has de- 
termined that upwards of ninety of these 
animals were of kinds unknown to nar 
turalists . There can be no doubt that the 
revolutions in which these animals were 
destroyed, occasioned great changes of 
climate in many parts of the earth, and 
that in some instances, at any rate, the 
change took place very rapidly. Fossil 
plants, and animals of similar kinds to 
some which still exist in warm regions, 
have been found in countries where the 
cold is very much beyond what such 
kinds are capable of sustaining ; and in 
the arctic zone, the carcasses of large 
quadrupeds have been discovered en- 
veloped Jn the ice with their skin, hair, 
and flesh, still remaining, so that the 
alteration in the climate must have oc- 
curred with such suddenness, as to pre- 
vent their bodies from being decomposed 
by putrefaction. 

Such are some of the traces that bear 
witness to the revolutions which the 
surface of the globe has undergone. 
These wonderful and destructive events, 
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of the immediate causes of which no- 
thing can be declared with certainty, 
must have long ceased ; but the earth 
has since experienced, and is still expe- 
riencing, changes of a very perceptible 
kind, which we shall now proceed to 
notice. 

Of the several agents which contri- 
bute to these changes, water has the 
widest sphere of activity. In all abrupt 
and precipitous mountains, fragments 
of earth and rock are continually falling 
down from the higher parts, owing to 
the slow, but effectual action of rains, 
storms, &c. ; and these become rounded 
by rolling upon each other. These frag- 
ments collect upon the sides and at the 
foot of the mountains, and, on some oc- 
casions, when undermined by rivulets *, 
have been known to slip down in im- 
mense masses, and by stopping up the 
course of rivers, create great devasta- 
tion. But, without any such extraordi- 
nary occurrences as these, the streams 
that descend along the flanks of 
elevated grounds carry along with 
them some portion of the materials of 
their respective slopes, especially when 
swelled into violence by rains or the 
melting of snows ; and such as come 
from mountains sweep down with them 
even some of the fragments of rock that 
have been collected in the high valleys. 
In proportion, however, as these streams 
reach the more level country, and their 
channels become more expanded, they 
deposit the fragments and stones, till at 
last their waters convey along only par- 
ticles of mud of the minutest kind. If, 
therefore, these waters do not run too 
rapidly into the sea, or the particles in 
question do not previously settle in 
some lake through which the rivers 
pass, the mud is deposited at the sides 
of their mouths, forming low grounds, 
by which the shores are prolonged and 
encroach upon the sea ; and when the 

• Large masses of rock have, however, been known 
to detach themselves, and roll down from mountains 
without any apparent cause. 

In Mr. Bakewell's Travels, vol. I., p. 195—202, 
there is an interesting description of the fall of a 

?art of Mont Grenier, in Savoy, which took place in 
248. The ruins spread over an extent of nine square 
miles, and entirely buried five parishes, and the 
town and church of St. Andrl. Some of the small 
hills or rocks, of which the ruins consist, are at the 
distance of three and four miles from the mountains 
from which they were separated. This catastrophe, 
Mr. Bakewell remarks, must have been caused by 
the gradual decay of the soft strata, of which the 
lower part of the mountain consists; whereby the 
mass of limestone above was undermined, and be- 
coming detached, fell with destructive violence into 
the plain. There are appearances about Mont Grenier 
which threaten a renewal of the catastrophe of 1248, 



waves, by casting up sand upon thena, 
assist in their increase, whole provinces 
are created, capable, from their rich soil, 
of yielding, in the highest degree, to the 
support of man, and of being made the 
seats of wealth and civilization. 

It has been concluded, with reason, 
that the greater part of Lower Egypt 
owes its formation to the alluvial matter 
brought down by the Nile, aided by the 
sand cast up by the sea. M. Dolomieu 
has endeavoured to show that the 
tongue of land on which Alexandria 
was built, (331 years before Christ,) 
did not exist in the days of Homer ; 
(about 900 B. C.,) and that the lake 
Mareotis was, at the latter period, a 
large gulf of the sea. In the time 
of Strabo, the geographer, who lived 
about the commencement of the Chris- 
tian aera, this gulf had been inclosed by 
land, and is described as a lake of six 
leagues in length. More certainty exists 
as to the changes that have occurred 
since that period. The sand thrown up 
by the sea and wind has formed, near 
the site of the ancient town, a narrow 
tongue, on which the modern Alexan- 
dria stands. It has blocked up the 
nearest mouth of the Nile, and reduced 
the lake Mareotis almost to nothing ; 
while the rest of the shore has been very 
much extended by the continual depo- 
sition of alluvial matter. In the time 
of the ancients, the Canopian and Pelu- 
sian were the principal mouths of the 
Nile,f and the coast ran in a straight 
line from the one to the other. The 
water now passes out chiefly through 
the Bolbitian and Phatnitic mouths; 
and round them the greatest depositions 
have taken place, to which the coast is 
indebted for its swelling outline. The 
cities of Rosetta and Damietta, which 
were built upon these mouths close to 
the sea, less than 1000 years back, are 
now six miles distant from it. At the 
same time that the sediment of the Nile 
occasions an extension of the land, both 
the bed of the river and the country, 
which is periodically covered by the 
overflow of the waters, are, from the 
same cause, gradually being raised to a 
greater elevation. Asa proof of this 
elevation of the soil, it is stated that at 
Cairo, before the rise of the river is 



+ The Canopian or westernmost mouth, which 
used to discharge itself into the sea not far from the 
site of Aboukir, is now lost in the lake of Etkoo ; 
the Pelusian, the easternmost mouth of the Nile 
still exists, but in a very insignificant state, flowing 
through, the lake Menzalch. 
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deemed sufficient for the purpose of 
irrigation, its height must exceed by 
34 feet that which was requisite ten 
centuries ago. According to* this state- 
ment, the ground must have been raised 
at the rate of nearly 4{ inches in a cen- 
tury. The ancient monuments of the 
land all have their bases, more or less, 
covered - by the mud which has been, 
for ages, accumulating around them. 

The delta of the Rhone undergoes a 
similar augmentation, and it would ap- 
pear that the arms of that river have, 
m the course of 1800 years, become 
longer by three leagues ; and that many 
places which were once situated on the 
brink of the sea, or of large pools, are 
now several miles distant from the 
water. In Holland and Italy, the Rhine 
and the Po, since they have been banked 
up by dikes, raise their beds and push 
forward their mouths into the sea with 
great rapidity. Many cities which, at 
periods within the range of history, 
were flourishing sea- ports, have, by the 
encroachments on the water, been de- 
prived of .their importance. It is with 
extreme difficulty that the Venetians are 
able to preserve the lagvnes * by which 
their city is separated from the main 
land ; and in all probability Venice is 
destined to experience the fate of Ra- 
venna, which, according to Strabo, stood 
among lagunes in the time of .the Ro- 
man emperor Augustus, but is now a 
league from the shore. M. Cuvier re- 
cords some curious information which 
he obtained from M. de Prony, in- 
spector-general of bridges and roads, 
who was appointed to investigate the 
remedies that might be applied to the 
devastations committed by the floods of 
the Po. This clearly displays some of 
the surprising changes which the coast 
of the Adriatic has undergone. At the 
beginning of the twelfth century, the 
whole waters of the Po flowed to the 
south of Ferrara, in the two channels 
called Po di Volano, and Po di Primaro ; 
an irruption of the river to the north of 
that city happened not long after, and 
owing to this new direction of the stream, 
the two old channels in question had, 
in less than 100 years, been reduced to 
the comparative insignificance in which 
they still remain. Since the construc- 
tion of the grand embankments of the 
Po, the formation of New Land has 
proceeded very rapidly, especially within 

• These are very extensive sheets of water, but so 
shallow that they, in no part, exceed six or seven 
feet in depth* 



the last two centuries. Such indeed has 
been the increase, that the city of Adria, 
which there is no doubt was, at a very 
remote date, seated on the coast of the 
Adriatic, is now more than fifteen miles 
distant from the nearest part of it. 
The distance from the same city to the 
extreme point .of the promontory of the 
alluvial land, deposited round what is 
now the principal mouth of the Po, is 
upwards of twenty miles. At the 
same time that river has so much raised 
the level of its bottom, that the surface 
of its waters is now higher than the 
roofs of the houses in Ferrara ; and the 
Adige and the Po are higher than the 
whole tract of country lying between 
them. The high level above the sur- 
rounding plain, attained by the Rhine 
and the Meuse in Holland, since they 
have been banked up ; the additions of 
land that have been made along the 
shores of the North Sea, in Holstein, 
Friesland, Groningen, &c. ; and the di- 
minution of the sea of Azof, by the en- 
trance of alluvial matter from the Don, 
are further instances of the changes 
which nature is able to produce by the 
most simple means. The Yellow Sea 
(so named from its waters being colour- 
ed by an intermixture of particles of 
yellow mud) affords a similar example. 
This sea, which lies between the penin- 
sula of Corea and the eastern coast, of 
China, is exceedingly shallow, as may 
be seen from the account of Capt. Hall, 
who navigated it in the year 1816 — 
( Voyage to Loo- Choo, &c. ) That officer 
states, that no land could be perceived 
from the mast-head at the time when 
his ship was in less than five fathoms 
water ; and, before a sight of land was 
obtained, even this depth was consider- 
ably reduced. The bottom consisted of 
mud, formed of an impalpable powder, 
without the least sand or gravel. The 
fine particles, from which this mud is 
deposited, are brought down by innume- 
rable streams from China and Tartary. 
The alterations perceived to be taking 
place in many of those lakes which are 
traversed by rivers, proceed from the 
same cause as the extensions of alluvial 
land into the sea which we have just 
been considering. The matter brought 
down by rivers easily settles in the still 
water of lakes, and the necessary result 
is, that the basins of the latter are gra- 
dually undergoing a diminution. This 
process, carried on for a sufficient length 
of time, would end in the filling up of 
the lake, and in its place there would 
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be a valley intersected, of course, by the 
same rivers which formerly flowed into 
the lake. Owing to the very long time 
required for the purpose, there is no 
instance known of a lake, of any size, 
ever having been filled up in this man- 
ner ; but there are well authenticated 
cases of their being very sensibly di- 
minished. Lake Erie, one of the vast 
bodies of water in North America, is 
rapidly decreasing ; in the late survey 
of the boundaries between the United 
States and Canada, it was ascertained 
that Long Point, opposite Big Creek 
river, on the north side of the lake, had, 
in the space of three years, increased 
more than that number of miles in 
length by the accession of alluvial mat- 
ter ; and this immense basin, the aver- 
age depth of which is estimated at be- 
tween thirteen and seventeen fathoms, 
is every year becoming shallower from 
the influx of pebbles and earth, and the 
constant accumulation of reeds and 
shells. The diminution of the beautiful 
lake of Geneva is also said to have been 
considerable within the memory of man. 

There are several instances in moun- 
tainous and marshy countries of small 
lakes having been dried up from dif- 
ferent causes — such as the crystalliza- 
tion, or deposit of substances which the 
waters had previously held in solution ; 
the gradual union of floating islands, 
and the collection of matter arising from 
the lake being the seat of animal and 
vegetable life ; but it is evident, from 
their very slow progress, that the effects 
produced in these ways cannot be upon 
a very large scale. 

The changes which we have hitherto 
traced to the action of waters have been 
of a beneficial kind ; but others of a 
destructive nature are brought about 
by the same agency. These are the 
breaking down of steep coasts by the 
waves, and the throwing up of sand- 
hills, which the winds afterwards assist 
in pushing forward and dispersing over 
the adjacent land. The first is a very 
common occurrence ; the sea detaches 
fragments from the foot of the cliffs, or 
else wastes it away, and then the upper 

?arts, deprived of support, fall down, 
he broken portions that collect at the 
base, in consequence of these fallings 
down, serve, more or less, and for a 
shorter or longer period, according to 
their position and hardness of material, 
to protect the cliff from further ravages. 
The circumstances also which cause 
the slipping down or breaking away of 



masses of rock and earth, among moun- 
tains, operate in a similar manner where 
there are shores of a steep character. 
Springs filter through and displace the 
soft strata, and thus the more solid 
formations are left without support; 
the consequence is that, at times, large 
spaces of land slide or fall down from 
above. It is by such means as these 
that the 'land-slips,' on the southern 
shore of the Isle of Wight, have been 
produced. The same thing happens, 
but on a far grander scale, upon the 
coast of the Crimea ; whole tracts are 
there carried down, sometimes bear- 
ing upon them the houses of the na- 
tives, which have, notwithstanding, been 
known to escape without injury. 

The action of the sea, when the coast 
is low, and the bottom sandy, leads to 
very different results. The waves then 
push the sand forward upon the shore, 
where, at every ebb of the tide, it be- 
comes partially dried ; and the wind, 
frequently blowing from the sea, drifts 
it upon the beach. By little and little, 
hillocks or downs of sand are created, 
the higher parts of which are conti- 
nually carried inland ; so that unless 
the inhabitants of the country suc- 
ceed in fixing them by causing suit- 
able plants to take root in their soil, 
they move slowly on and overwhelm 
fields and dwellings with inevitable ruin. 
It sometimes happens that the sand 
cast up by the water becomes mixed with 
marine and other substances, which, 
being enveloped therein, make what 
have been denominated indurated, that 
is, hardened downs, such as are seen 
upon the coast of New Holland. Per- 
haps the most remarkable instance of 
the mischief occasioned by the moving 
downs is to be found on the French 
coast of the Bay of Biscay, south of the 
river Gironde, where they have already 
overwhelmed a great number of villages 
mentioned in the records of the middle 
age, and not long ago, in the single de- 
partment of the Landes, were threaten- 
ing ten with unavoidable destruction. 
One of these villages, named Mimisan, 
had been struggling against them for 
twenty years, with the prospect of a 
sand-hill of more than sixty feet in 
height visibly approaching it. In 1802, 
the pools formed by the collection of 
waters which these downs prevent from 
flowing, into the sea, covered five farm- 
ing establishments at the village of St. 
Julien. They have long been over an 
ancient Roman road leading from Ba« 
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yonne to Bourdeaux, and which could 
still be seen forty years back, when the 
waters were low. The river Adour is 
now turned to the distance of more than 
2000 yards out of its former course. 
The progress of these downs has been 
estimated at 60 feet yearly, and in some 
places, at 72 feet ; at this rate, it is cal- 
culated that it will require 2000 years 
to enable them to reach Bourdeaux. 

The coast of Elgin or Morayshire, in 
Scotland, also affords a striking ex- 
ample of the sand-flood ; an account of 
which is given among the notes affixed 
to Professor Jameson's edition of Cu- 
vier's Theory of the Earth. West of the 
mouth of the river Findhorn, a district 
of more than ten square miles in area, 
(chiefly included in the barony of Cou- 
bine,) which, on account of its extreme 
fertility, was once termed the granary 
of Moray, has been depopulated and 
rendered unproductive by the shifting 
of the sand-hills. It appears that the 
irruption of the sand commenced about 
the year 1677; that in 1697, not a 
vestige was to be seen of the manor* 
place, orchards, and offices of Goubine, 
and that two thirds of the barony were 
already ruined. This, irruption came 
from Mavieston, situated on the shore, 
about seven miles west from the mouth 
of the Findhorn, where, from time im- 
memorial, there had been large heaps 
of sand. These sands, which had for- 
merly been covered with vegetation, 
were set at liberty by the inhabitants 
inconsiderately pulling up the bent and 
juniper for various uses, and they then 
drifted towards the north-east. When 
the wind is high, the fine particles are 
carried even across the bay of Findhorn. 
In the winter of 1616, a large portion 
of the only remaining farm, on the west 
side of the Findhorn, situated in the 
line of the sand's progress, was over- 
whelmed. The effects produced by the 
sand upon the river have been, and still 
are, of a very obvious kind. Many years 
ago, its mouth having become blocked 
up, the water cut out its present more 
direct channel. By this change, the old 
town of Findhorn, which originally 
stood on the east side of the river, was 
left upon its western bank ; and the in- 
habitants, in consequence, removed the 
stones of their houses across the new 
ehannel, and erected the present village 
on the eastern side. The site of the old 
town is now covered by the sea. Even 
now, when the tide retires, the river 
almost disappears, being absorbed by 



the sand ; and owing to the bar formed 
across its entrance, it is unable, at 
spring tides, to force its way into the 
sea, so that it is made to flow back and 
inundate a considerable extent of land 
at the head of the bay. Of late, how- 
ever, the great accumulations of sand 
have disappeared from Coubine, and 
the ancient rich soil has, in some places, 
been left bare, from which it is hoped 
that the barony will again become ser- 
viceable land. Such a result would be 
rendered much more certain, if, by 
putting in proper kinds of plants, they 
were to fix the surface of the Mavieston 
hills, and so prevent fresh inroads of 
the sand from that quarter ; yet, not- 
withstanding the destruction that has 
already happened, the inhabitants are 
still in the habit of gathering what little 
bent yet remains. 

The same drifting of sand occurs 
upon several parts of the west coast of 
the Outer Hebrides, and the prevention 
of it has been attempted in two ways. 
Mr. A. Macleod, surgeon of North Uist, 
has invented the most efficacious plan, 
which is that of cutting thin square 
turfs from the neighbouring pasture 
grounds, and laying them down at in- 
tervals of some inches. In the course 
of a few years the turfs grow together, 
while the ground, from which they are 
taken, is little injured, for as the roots 
remain in it» a new vegetation soon rises 
up. The other method was introduced 
by Mr. Macleod, of Harris, and tried 
extensively upon his estate: it is to 
plant small bundles of arundo armaria, 
(sand-reed) about a foot and a half 
apart ; these take root and prevent the 
drifting, in a certain degree. 

Another process, similar in its effects 
to those which have been already de- 
scribed, but much more extensively de- 
structive, and depending solely upon the 
action of the wind, is the encroachment 
of the sands of the Libyan desert upon 
the cultivated lands of Egypt. These 
sands, driven by the west winds, have 
left no soil capable of tillage on any 
parts of the western banks of the Nile, 
which are destitute of the shelter of 
mountains. It would appear that, but 
for the ridge called the Libyan chain, 
which borders the left bank of that river, 
forming to the parts along which it runs 
a barrier against the sands, the western 
shores of the Nile would, long ago, have 
been made uninhabitable. Travellers 
have given a melancholy picture of the 
traces which bear witness to the ravages 
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committed by the sand— the ruins of 
numerous cities and villages destroyed, 
and the summits of the minarets of 
mosques, being still visible above the 
surface. It is partly to these resistless 
invasions of the desert that the decline 
of Egypt from her ancient splendour 
is to be attributed. 

The formation of new islands (to 
which allusion has been made in a pre- 
ceding part of this treatise) constitutes 
a distinct and interesting class among 
the changes to which the surface of the 
globe is subject. Those which have 
been raised up by volcanic agency are, 
comparatively, few ; but those of coral, 
which owe their origin to marine insects, 
(of the class of zoophytes or plant-ant- 
mals) are innumerable. Of the dif- 
ferent coral tribes, the most abundant is 
that named the madrepore. It is most 
common in the tropical seas, and de- 
creases in number and variety towards 
the poles ; it surrounds, in vast rocks 
and reefs, many of the rocky islands of 
the South Sea and Indian Ocean, and 
increases their size by its daily growth. 
The coasts of the islands in the West 
Indies, of those to the east of Africa, 
and the shores and shoals of the Red 
Sea, are encircled with rocks of coral. 
Several navigators have furnished us 
with accounts of the curious manner in 
which these formations take place : the 
following is extracted from Captain 
Basil Hall's narrative of his voyage to 
the lioo Choo islands : — 

•• The examination of a coral reef, 
during the different stages of one tide, is 

Earticularly interesting. When the tide 
as left it for some time, it becomes dry, 
and appears to be a compact rock exceed- 
ingly hard and rugged ; but as the tide 
rises, and the waves begin to wash over 
it, the coral worms protrude themselves 
from holes which were before invisible. 
These animals are of a great variety 
of shapes and sizes, and in such pro- 
digious numbers, that, in a short time, 
the whole surface of the rock appears 
to be alive and in motion. The most 
common of the worms at Loo- Choo 
is in the form of a star, with arms 
from four to six inches long, which are 
moved about with a rapid motion, in 
all directions, probably to catch food. 
Others are so sluggish, that they may 
be mistaken for pieces of the rock, and 
are generally of a dark colour, and from 
four to* five inches long, and two to 
three round. When the coral is broken, 
about high water mark, it is a solid 



hard stone ; but if any part of it be de- 
tached at a spot which the tide reaches 
every day, it is found to be full of worms 
of different lengths and colours : some 
being as fine as a thread, and several 
feet long, of a bright yellow, and some- 
times of a blue colour ; others resemble 
snails, and some are not unlike lobsters 
in shape, but soft, and not above two 
inches long. 

" The growth of coral appears to cease 
when the worm is no longer exposed to 
the washing of the sea. Thus, a reef 
rises in the form of a cauliflower, till its 
top has gained the level of the highest 
tides, above which the worm has no 
power to advance, and the reef, of 
course, no longer extends itself up- 
wards. The other parts, in succession, 
reach the surface, and there stop, form- 
ing, in time, a level field with steep 
sides all round. The reef, however, 
continually increases, and being pre- 
vented from going higher, extends itself 
laterally in all directions. But this 
growth being as rapid at the upper edge 
as it is lower down, the steepness of 
the face of the reef is still preserved. 
These are the circumstances which ren- 
der coral reefs so dangerous in naviga- 
tion ; for, in the first place, they are 
seldom seen above the water ; and in 
the next, their sides are so steep, that a 
ship's bows may strike against the rock, 
before any change of soundings has 
given warning of the danger." 

Captain Flinders, who, m 1801, made 
a survey of the coasts of New Holland, 
has some observations upon the form- 
ation of coral islands, particularly of 
Half- Way island, on the north coast of 
that region, which show how, after 
being raised up, they gradually acquire 
a soil and vegetation : — 

" This little island, or rather the sur- 
rounding reef, which is three or four 
miles long, affords shelter from the 
south-east winds ; and being at a mo- 
derate day's run from Murray's Isles, 
it forms a convenient anchorage for the 
night to a ship passing through Torres' 
Strait-=-I named it Half-way Island. It 
is scarcely more than a mile in circum- 
ference, but appears to be increasing 
both in elevation and extent. At no 
very distant period of time, it was one 
of those banks produced by the washing 
up of sand and broken coral, of which 
most reefs afford instances, and those 
of Torres' Strait a great many. These 
banks are in different stages of pro- 
gress; some, like this, are become 
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islands, but not yet habitable; some 
are above high-water mark, but desti- 
tute of vegetation; whilst others are 
overflowed with every returning tide. 

" It seems to me, that when the ani- 
malcules which form the corals at the 
bottom of the ocean cease to live, their 
structures adhere to each other, by 
virtue either of the glutinous remains 
within, or of some property in salt 
water; and the interstices being gra- 
dually filled up with sand and broken 
pieces of coral washed by the sea, which 
also adhere, a mass of rock is at length 
formed. Future races of these animal- 
cules erect their habitations upon the 
rising bank, and die in their turn, to 
increase, but principally to elevate this 
monument of their wonderful labours. 
The care taken to work perpendicularly 
in the early stages would mark a sur- 
prising instinct in these diminutive crea- 
tures. Their wall of coral, for the most 
part in situations where the winds are 
constant, being arrived at the surface, 
affords a shelter, to leeward of which 
their infant colonies may be safely sent 
forth ; and to this, their instinctive fore- 
sight, it seems to be owing, that the 
windward side of a reef exposed to the 
open sea is generally, if not always, the 
highest part, and rises almost perpen- 
dicular from the depth of many fathoms. 
To be constantly covered with water 
seems necessary to the existence of the 
animalcules, for they do not work, except 
in holes upon the reef, beyond low- water 
mark ; but the coral, sand, and other 
broken remnants thrown up by the sea, 
adhere to the rock, and form a solid 
mass with it, as high as the common 
tides reach. That elevation surpassed, 
the future remnants, being rarely co- 
vered, lose their adhesive property ; and 
remaining in a loose state, form what is 
usually called a Key, upon the top of 
the reef. The new bank is not long in 
being visited by sea-birds: salt plants 
take root upon it, and a soil begins to 
be formed ; a cocoa-nut, or the drupe 
of a pandanus, is thrown on shore ^ 
land birds visit it, and deposit the seeds 
of shrubs and trees; every high tide, 
and still more every gale, adds some- 
thing to the bank ; the form of an island 
is gradually assumed ; and last of all, 
comes man to take possession. 

" Half-way Island is well advanced 
in the above progressive state ; having 
been many years, probably some ages, 
above the reach of the highest spring 
tides, or the wash of the surf in the 



heaviest gales. I distinguished, how- 
ever, in the rock which forms its basis, 
the sand, coral, and shells, formerly 
thrown up, in a more or less perfect 
state of cohesion. Small pieces of 
wood, pumice stone, and other extra- 
neous bodies which chance had mixed 
with the calcareous substances when 
the cohesion began, were inclosed in the 
rock, and, in some cases, were still 
separable from it without much force. 
The upper part of the island is a mix- 
ture of the same substances in a loose 
state, with a little vegetable soil ; and is 
covered with the casuarina and a va- 
riety of other trees and shrubs, which 
give food to parroquets, pigeons, and 
some other birds ; to whose ancestors, 
it is probable, the island was originally 
indebted for this vegetation." 

It has been generally believed that 
the deep perpendicular reefs, very near 
to which the sounding line finds no 
bottom, consist wholly of coral; but 
MM. Quoy and Gaimard have adduced 
very satisfactory reasons, to prove that 
the zoophytes, far from raising from 
the depths of the ocean perpendicular 
walls, form only layers or crusts of a 
few fathoms thickness. They remark 
that the species which always construct 
the most considerable banks require the 
influence of light to perfect them ; and 
it is well known, that all those steep 
walls common in the equatorial seas, 
are intersected with narrow and deep 
openings, through which the sea enters 
and retires with violence; whereas, if 
they were entirely composed of madre- 
pores, they would have no such open- 
ings between them, since it is the pro- 
perty of zoophytes to build in masses 
that have no interruption. It is besides, 
difficult to suppose that these animals 
can support such different degrees of 
pressure and temperature as they neces- 
sarily must, if they exist at such different 
depths in the ocean. It is, therefore, 
most reasonable to conclude that the 
summits of submarine hills and moun- 
tains are the bases upon which the 
zoophytes form layers and raise up their 
fabrics; a supposition which perfectly 
accounts for the great depth of the sea 
close to the reefs and islands which 
they have elevated to the surface of the 
water. 

The changes occasioned by the erup- 
tions of volcanoes are very considerable 
near the seat of action, but they operate 
over a less extensive field than any of 
those which have yet been mentioned, 
C 
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The principal effect of the issue of sub- 
terranean fires is the elevation of the 
surface of the surrounding country ; 
and the size of the mountains them- 
selves must have been prodigiously in- 
creased by the matter thrown up during 
successive eruptions. Some, indeed, 
have gone so far as to assert that 
volcanoes are entirely formed of this 
matter ; but even if we could admit such 
a theory, with respect to the isolated 
volcanoes of Europe, Asia, and the 
African islands, it would be impossible 
to extend it to those immense masses 
in America (Cotopaxi, Pichincha, &c.) 
which are parts of the great western 
chain of that continent. There are, 
nevertheless, very good grounds for 
concluding that many volcanoes owe 
their formation to the effects of the fires 
to which they give vent, and that, pre- 
vious to the first appearance of those 
fires, there were no mountains in the 
places which the volcanoes in question 
now occupy. It would seem that the 
breaking out of a volcano, where none 
before existed, is preceded by a swelling 
or heaving up of the crust of the earth, 
owing to the expansive force of the 
heat, and this explains the cause of new 
volcanic islands sometimes emerging 
suddenly from the sea. The phenome- 
non of the swelling up of the ground 
was strikingly exemplified, when the 
volcano of Jorulloi in Mexico, arose 
out of the plain des Playas, in the 
month of September, 1759. According 
to the representation of this mountain, 
annexed to the third volume of M. 
Humboldt's Personal Narrative, the 
raised up portion of the plain is about 
two miles in length, and m one part as 
much as 850 feet above its ancient 
level; from this part, the cone of 
the volcano shoots up covered with 
ashes to a further elevation of 830 
feet* The raised up ground is covered 
with thousands of small volcanic cones, 
from 6 to 1 feet high. We have thus 
an instance of a mountain 1680 feet in 
elevation above the plain upon which it 
stands, having been entirely formed 
by the heaving up of the earth when 
the fire originally broke out, and by 
the accumulation of matter which has 
since gathered round the principal 
vent of the eruptions. But tne know- 
ledge of such an instance as this does 
not of necessity lead to the conclusion 
that mountains so large as Etna, and 
many other volcanoes, have been entirely 
created by the process which gave birth 



to Jorullo : vet, though it might be 
rather hazardous to adopt such a con- 
clusion, it is certain that those moun- 
tains must have received a vast increase, 
both in size and elevation, at and since 
the period, whenever that may have 
been, at which the subterranean fire first 
opened a passage through them. 

Owing to the repeated discharges of 
matter upon their surface, and the vio- 
lent concussions to which they are sub- 
ject, the external appearance of volcanic 
mountains is continually varying. This 
is particularly the case with Etna. 
Among the accounts of those who have 
visited it, it would be difficult to find two 
that at all agree as to the aspect of the 
great crater and the different eminences 
about the summit of the mountain. 
New chasms on the sides also have, at 
various periods, been opened, and new 
cones raised up : Monte Russo, thrown 
up from a plain during the famous 
eruption of 1669, was estimated by 
SpaJlanzani, in 1 788, at 1 two miles in 
circumference, and (somewhat vaguely) 
at 150 paces in height. 

The lava, stones, and ashes spread 
over the neighbouring country by vol- 
canoes materially elevate its surface* 
The complete burial of the ancient cities 
of Herculaneum and Pompeii by the 
matter ejected from Vesuvius, in the 
eruption of the year 79, is a circum- 
stance familiar to almost every one. 
The excavation of these cities in modern 
days has brought some interesting facts 
to light ; the ruins of Herculaneum were 
found at a depth of 70 feet below the sur- 
face of the ground ; and from the number 
of distinct strata of lava, one above the 
other, each covered with a layer of rich 
mould, it appeared that streams of that 
substance from, at least, six different 
eruptions had passed over it since the 
one which occasioned its destruction. 

Vast masses of earth sometimes sink 
down during volcanic eruptions. In the 
island of Timor, a volcano of considera- 
ble elevation is said to have sunk into 
the ground, leaving a muddy marsh in 
its place. The Papanddyang, situated 
towards the western extremity of Java, 
was formerly one of the largest volcanic 
mountains of the island, but the greatest 
part of it was swallowed up in the earth 
in the year 1772. It is asserted, that, 
on the night of this event, an uncom- 
monly luminous cloud was seen to en- 
velop the mountain. Alarmed by this 
appearance, the inhabitants on the de- 
clivities and about the foot of the mow 
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tain took to flight, but before they could 
all save themselves, it began to give way, 
and the greatest part of it actually fell 
in and disappeared in the earth. A tre- 
mendous noise, and the discharge of 
showers of volcanic substances, accom- 
panied this commotion. It is estimated, 
that an extent of ground, of the moun- 
tain itself and its immediate environs, 
15 miles long and 6 broad, was swal- 
lowed up in the bowels of the earth. 

Of the origin of the volcanic fire, no- 
thing, of course, can be affirmed with cer- 
tainty; but several explanations have 
been offered, more or less satisfactory. 
An attentive observance of the pheno- 
mena connected with eruptions, and a 
close examination of the substances 
ejected, are necessary to the attainment 
of any correct views upon the subject. 
It has been a very generally received 
opinion that volcanic eruptions are 
caused by the spontaneous combustion 
of pyrites ; and in support of this so- 
lution are cited the experiments which 
have been made with sulphur and iron 
filings. A mixture of these substances, 
after being moistened, has been buried 
in the ground, where it became gradu- 
ally heated, and at length took fire, with 
a loud explosion. The theory, however, 
which ascribes volcanic action to the 
inflammation of beds of coal, sulphur, 
or other matters, near the surface of the 
earth, has latterly met with less support, 
and powerful arguments may be urged 
against it. The great masses of inflam- 
mable materials are confined to the 
secondary and superficial strata ; while, 
on the contrary, there can be no doubt, 
that the seat of volcanic fire lies far 
below the surface of the earth, both 
from the nature of the substances cast 
out by volcanoes, and the circumstance 
of the immense quantity of matter that 
has proceeded from many of them; 
such a quantity as, had it been with- 
drawn from the parts near the surface, 
would, long since, have occasioned 
those mountains to sink down and dis- 
appear. A different theory has been 
lately brought forward to account for 
the volcanic fire, and is well set forth 
and supported in a recent treatise by 
Dr. Daubeny, Professor of Chemistry 
in the University of Oxford. It is 
founded upon the metallic nature of the 
bases of the earths and alkalies, and 
the avidity with which these combine 
with oxygen, producing in that com- 
bination a high temperature and strong 
inflammation. It is supposed, that if 



these materials exist in sufficient quan- 
tity in the interior of the earth, and a 
sufficient body of water be admitted to 
them, judging from the violent effects 
on a small scale which we are able to 
produce by experiments, a heat would m 
be engendered quite adequate to occa- 
sion all that takes place in volcanic 
eruptions. Now, under this hypothesis, 
it is requisite that water should have 
access to the metallic bases, and it is a 
curious fact that nearly all active vol- 
canic groups are within a short distance 
of the sea; while even those in South 
America, which must be excepted from 
this remark, are in a range of moun- 
tains approaching in parts close to the 
sea. Extinct volcanoes, it is true, are 
found in situations quite beyond the 
access of the present ocean ; but in the 
remote and unknown periods of their 
activity, it may reasonably be inferred 
that they were near the ocean, if not al- 
together beneath its surface. A further 
argument in favour of the present view 
is, that all the products which chemists 
know to be the result of the admission 
of sea-water to the metallic bases, ap- 
pear under some form or other in every 
volcanic eruption. 

Earthquakes appear to be brought 
about by the same causes as volcanic 
eruptions, but their action is much more 
tremendous than that of the latter. They 
are frequently accompanied by loud 
subterraneous noises, and are sometimes 
so violent that the ground heaves up, 
and undulates like an agitated sea. 
They are felt almost at the same instant 
ever a most astonishing extent ; though 
happily, compared with this extent, 
their destructive ravages are confined 
within a small range. In those parts 
which appear to be near the centre of 
their action, the most calamitous effects 
sometimes occur ; whole cities are de- 
stroyed, and their inhabitants buried 
beneath the ruins ; the surface of the 
ground undergoes violent changes ; 
springs are stopped, and others gush 
out in new places ; fissures are made in 
the earth ; and enormous masses of rock 
and other materials sink down, or are 
detached from the mountains. By the 
earthquake experienced in Chili in 1822, 
a great line of coast is stated to have 
been lifted permanently up, to the height 
of several feet above its former level; 
while, in the interior of the country, 
fissures were made in the granite trans- 
versely to the direction of the earth- 
quake, 
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It is generally supposed that earth- 
quakes are produced by the disengage- 
ment of elastic vapours, which, endea- 
vouring to escape from their confine- 
ment, heave up and agitate the crust of 
, the earth. No doubt can exist of their 
connexion with volcanic eruptions ; their 
frequency in countries where the latter 
take place, and the fact of the one often 
occurring at the same period as the 
other, sometimes at great distances 
apart, tend to establish such a con- 
nection. This is further shown by the 
circumstance of the shocks of earth- 
quakes being most severe in places dis- 
tant from volcanoes; as if the latter 
were the means of giving vent to that 
elastic force, which, when pent up, causes 
such dreadful ravages. It is also wor- 
thy of notice, that though earthquakes 
are sometimes felt towards the interior 
of continents, their terrible effects occur 
chiefly along the coasts, as exemplified 
in the earthquakes of Lima, of Lisbon" 
of Caraccas, and many others. 

Such are the principal changes which 
the surface of the globe is now under- 
going. It is evident, notwithstanding 
what some have been inclined to assert, 
that they could not have brought about 
those grand revolutions which formerly 
visited the earth, and in which such 
multitudes of the animal race were con- 
signed to destruction. The whole of 
them are insufficient to alter, in any per- 
ceptible degree, the level of the sea, still 
less to have occasioned an overwhelm- 
ing of the land.by that element. Some 
philosophers have endeavoured to prove 
that a gradual and general lowering of 
the level of the sea takes place, and have 
appealed to certain observations which, 
if correct, tend to establish the fact of 
a diminution of the waters along the 
northern shores of the Baltic. But it 
must not be forgotten, that though in 
some' places the ocean has retired, or 
sunk in level, in others it has encroached 
upon the land ; while it is known that 
many harbours of the Mediterranean 
have preserved exactly the same level 
since the time of the ancients. It is 
plain, therefore, that all variations upon 
the coasts of the ocean are merely of a 
local kind, and that if the different ac- 
counts are balanced, we must arrive at 
the conclusion, that the general volume 
of the ocean, and perhaps even its su- 
perficial extent, suffer neither increase 
nor diminution. 
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On the Ocean — its Saltness, and Tem- 
perature, Tides, and Currents, 

That vast body of water which sur- 
rounds the continents, and is the com- 
mon receptacle of their running waters, 
is indispensably necessary to the sup- 
port of animal and vegetable exist- 
ence upon the earth. Its perpetual 
agitations purify the air, and the va- 
pours which the atmosphere draws up 
from its surface, being condensed and 
dispersed* through the upper regions, 
form clouds, which are the source of a 
constant supply of rain and moisture to 
the land. The ocean also, by the 
facilities for communication which it 
offers, is the means of uniting the most 
distant nations, while it enables them 
to interchange with mutual advantage 
the productions of their several cli- 
mates. 

The bottom of the sea appears to 
have similar inequalities to the surface 
of the continents; the depth of the 
water is, therefore, extremely various. 
There are vast spaces where no bottom 
has been found, but this, of course, 
does not prove that the sea is bottom- 
less, because the line is able to reach 
but a comparatively small depth. Lord 
Mulgrave, in the Northern Ocean, let 
down a very heavy sounding lead, and 
gave out with it nearly 4700 feet of rope 
without finding the bottom; and Mr. 
Scoresby mentions having sounded in 
the Greenland sea as much as 7200 
feet. Such experiments, however, must 
be of very doubtful character; it is 
well known how much more easily 
bodies may be moved along in the 
water than in the atmosphere, and, 
consequently, any current would be 
sufficient to carry the lead with it, and 
so draw the rope out of a perpendicular 
direction. If we were to found our 
opinion upon analogy, we might con- 
clude that the greatest depth of the 
ocean is, at least, eoual to the height of 
the loftiest mountains, that is, between 
20,000 and 30,000 feet. 

The level of the sea, if it were not for 
the action of external disturbing causes, 
would be the same every where at the 
same instant, owing to the equal pres- 
sure exerted by the particles of a fluid 
upon each other in every direction. The 
figure assumed by the ocean would, there- 
fore, exhibit the true surface of our planet, 
that of an oblate spheroid. But it is evi- 
dent that no general level of this kind 
can ever exist, because the tide at any 
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given moment is at very different heights 
in different parts of the ocean. The 
level is also continually being disturbed 
by the operation of the wind in particular 
regions. Independent, however, of these 
circumstances, it would appear that in 
gulfs and inland seas which have only 
a slight communication with the ocean, 
the level of the water is usually more 
elevated than in the latter. This seems 
to be more especially the case if the 
only openings of these gulfs are to- 
wards the east; and it is attributed with 
reason to the accumulation which arises 
from the water being driven into these 
confined inlets by the general move- 
ment of the sea from east to west, a 
movement to which allusion will be 
made presently. When the French en- 
gineers were in Egypt, they made ob- 
servations, according to which the 
waters of the Red Sea, on the east side 
of the isthmus of Suez, were 32$ feet 
higher than those of the Mediterranean 
on the opposite shore of the same isth- 
mus. M. Humboldt made observations 
of a similar kind upon the isthmus of 
Panama, and his conclusion is that the 
waters of the Gulf of Mexico are from 
20 to 23 feet higher than those of the 
Pacific on the other side. Of certain 
inland seas the level varies with the 
seasons ; the Baltic and the Black Sea, 
which are in fact almost lakes, swell in 
the spring, from the abundance of water 
brought down to them at that period by 
the rivers. 

The general colour of the sea is a 
deep bluish green* which becomes 
clearer l towards the coasts. This 
colour is thought to arise entirely 
from the same cause as the azure tint 
of the sky ; the rays of blue light, being 
the most refrangible, pass in the greatest 
quantity through the water, which, on 



account of its density and depth, makes 
them undergo a strong refraction. The 
other colours exhibited in parts of the 
sea depend on causes which are local, 
and sometimes deceptive. The Medi- 
terranean in its upper part is said to 
have at times a purple tint. In the 
Gulf of Guinea the sea is white ; around 
the Maldive Islands it is black ; and in 
some places it has been observed to be 
red. These appearances are probably 
occasioned by vast numbers of minute 
marine insects, by the nature of the 
soil, or by the infusion of certain earthy 
substances in the water. The green 
and yellow shades of the sea proceed 
frequently from the existence of marine 
vegetables at or near the surface. 

The water of the sea contains several 
extraneous substances, in proportions 
varying in different places. The com- 
ponent parts, in addition to pure water, 
are commonly muriatic or marine acid, 
sulphuric acid (vitriol), fixed mineral 
alkali, magnesia, and sulphated lime. 
By boiling or evaporation in the air, 
common salt (muriate of soda) is ob- 
tained, which for salting meat is pre- 
ferred to the salt of springs. The salt- 
ness of the sea appears, with some local 
exceptions, to be less towards the poles 
than near the tropics; but the differ- 
ence is very slight, and perhaps the ob- 
servations made are not sufficiently nu- 
merous to justify any positive general 
conclusions. It is probably occasioned 
by the melting of the ice in the polar 
seas. Dr. Thomson {Work on Che* 
mistry) states the proportion of salt in 
water taken up by Lord Mulgrave at 
the back of Yarmouth sands, at 3.125 
per cent, of the weight of the water. 
He also gives, from the accounts of dif- 
ferent observers, the following propor- 
tions : — 



Quantity of 
•aline matter. 



N. Lat. 80° (66 fathoms under ice) 3.54 per cent 



74 
60 
45 
39 
34 
14 



3-60 
3-40 
400 
do. 
do. 
do. 



S. Lat. 49° 50' 
46 



40 
25 
20 

1 



30 
54 

16 



4-16 per cent. 
450 „ 
400 „ 
do. „ 

3-90 „ 
3-50 



Mr. Scoresby, in north latitude 77° 40', 
and east longitude 2° 30', found, in a 
quantity of water taken from the sur- 
face,, the proportion of saline matter 
3*56 per cent. A statement in the Edin^ 
burgh Philosophical Journal gives the 
proportion in north lat. 64° 26', east 
long. 0° 38', 354 percent.; in north lat. 



78£°, east long. 6*°, 388 ; and in north 
lat. 78° 35', east long. 6°, 327. Some 
observations which have been made 
tend to prove that the sea is less salt at 
the surface than towards the bottom. 

The following table of the propor- 
tional specific gravities of different kinds 
of water, explains the reason of bodies 
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being so much more buoyant in the sea 
than in other water : — 

Distilled water . . 1*000 
. Purest spring water . 1*001 to 1*005 

River water .... 1010 

Sea water .... 1028 

The degree of saltness in particular 
parts of the sea frequently varies from 
temporary causes. The violent tropical 
rains have an effect in diminishing it, 
especially near coasts, where an in- 
creased volume of fresh water is brought 
down by the rivers. The Baltic is at 
all times less salt than the ocean, and 
when a strong east wind keeps out the 
North sea, its waters are said tobecome 
almost fit for domestic uses. The most 
curious phenomenon of all is that of 
springs of fresh water rising up in the 
midst of the sea ; Humboldt mentions 
that in the Bay of Xagua, on the south- 
ern coast of Cuba, springs of this kind 
gush up with great force at the distance 
of two or three miles from the land. 

The bitterness which exists in sea- 
water, but apparently not beyond a 
certain depth, is with much probability 
considered to be owing to the vegetable 
and animal matter held there in a state 
of decomposition. 

Water being a bad conductor of heat, 
the temperature of the sea changes 
much less suddenly than that of the 
atmosphere, and is by no means subject 
to such extremes as the latter. It may 



safely be affirmed that the temperature 
never in any season, or under any lati- 
tude, exceeds eighty- five or eighty- six 
degrees of Fahrenheit's thermometer. 
The existence of banks or shallows has 
a local effect in diminishing the tempe- 
rature of the ocean, but the great agents 
in modifying it are currents, which 
mingle together the waters of different 
depths and regions. Thus the Gulf 
stream, as it is termed, which sets into 
the Gulf of Mexico, is much warmer 
than the neighbouring parts of the sea ;. 
the current of Chili is just the reverse 
The following tables are extracted from 
M. Humboldt's Personal Narrative, 
(Vol. II.;) the experiments from which 
No. I. was drawn up, were made during 
the passage from Spain to the New 
Continent, between the 9th of June and 
15th of July 1799:— 

(No. I.) 



North lat. 


West long. 


Temp . of the Atl . ocean 
at its surface. 


39° 10' 


16° 18' 


59° 00' Fahr. 


34 30 


16 55 


61 34 


32 16 


17 4 


63 86 


30 36 


16 54 


65 48 


29 18 


16 40 


66 74 


26 51 


19 13 


68 00 


20 8 


28 51 


70 16 


17 57 


33 14 


72 32 


14 57 


44 40 


74 66 


13 51 


49 43. 


76 46 


10 46 


60 54 


78 44 



(No. II.) 
Table of the Temperature of the Atlantic Ocean in different degrees of Longitude. 



Latitude. 


Longitude. 


Temp, of the 
Ocean* 


Period of the 
Observation. 


Observers. 


Mean Temperature of the Air in the 
Basin of the Sea 


0° 


58' S. 


27° 


34' W. 


80.96 Fh. 


Nov. 


1788 


Churruca ' 









57 


30 


11 


81.86 


April 


1803 


Quevedo . 









33 


21 


20 


81.86 


March 1800 


Perrins 


,80°-6 


(Cook.) 





11 N. 


84 


13 


82.40 


Feb. 


1803 


Humboldt 









13 


51 


42 E. 


80.78 


May 


1800 


Perrins 






25 


15 N. 


20 


36 W. 


68.00 


June 


1799 


Humboldt \ 




25 
25 


29 
49 


39 
26 


54 
20 


70.88 
69.26 


April 1803 
March 1800 


Quevedo ftQ . Q 
Perrins \ 69 b 


(La Pe rouse and 
Dalrymple.) 


27 


40 


17 


4 


70.88 


Jan. 


1768 


Chappe 1 


28 


47 


18 


17 


74.30 


Oct. 


1788 


Churruca J 




42 


34 N. 


15 


45 W. 


51.98 


Feb. 


1800 


Perrins 




43 


17 


31 


27 


59.90 


May 


1803 


Quevedo 






43 


58 


13 


7 • 


60.62 


June 


1799 


Humboldt 


54-86 


(Cook and d'Entre- 


44 


58 


34 


47 


54.86 


Dec. 


1789 


Williams 


► 


casteaux.) 


45 


13 


4 


40 


59.90 


Nov. 


1776 


Franklin 






48 


11 


14 


18 


57.74 


June 


1790 


Williams 







These tables refer only to the Atlantic 
ocean ; but the experiments which have 
been made in the South sea, and in the 
Indian ocean, show that within a cer- 
tain distance of the equator, the general 
temperature of the sea follows nearly 



the same rule in corresponding lati- 
tudes. Within the tropics there is no 
sensible difference in north and in south 
latitudes ; there is very little even as far 
as the thirty-fifth and fortieth degrees ; 
but, when we advance into high lati- 
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hides, there can be no doubt that the 
sea is colder in the southern than in the 
northern hemisphere. Ice extends from 
five to eight degrees of latitude farther 
from the south than from the north pole, 
owing, it is probable, to the almost entire 
absence of land near the Antarctic cir- 
cle ; while the north pole is so nearly sur- 
rounded by land, that the ice of the Arctic 
ocean is shut up, and cannot be carried 
forward to such a distance by the cur- 
rent which sets towards the equator. 

Bays, inland seas, and the spaces 
amdng clusters of islands, where the 
action of the waves is more confined, 
and the water usually of less depth, are 
the most favourable places for the pro- 
duction and accumulation of the ma- 
rine ice. It is on this account that the 
navigation of the Baltic is annually 
stopped by the ice in a latitude not 
more northerly than that of tracts which 
in the main .ocean are always open to 
the passage of ships. In severe winters, 
people may travel in sledges across the 
entrance of the Gulf of Bothnia (lat. 
60°) which, including the numerous small 
intervening islands, is a distance of a 
hundred and fifteen miles. The body of 
ice accumulated in Sir James Lancaster's 
sound has defied all the attempts that 
have been made to accomplish the north- 
west passage from the Atlantic to the 
Pacific. 

The ice of the polar seas assumes a 
great variety of shapes and appear- 
ances. The vast and thick sheets which 
are met with in high latitudes are 
called fields by navigators ; they are so 
extensive, that their boundaries cannot 
be seen from a ship's mast-head ; and 
Captain Cook found a chain of them 
joining Eastern Asia to North America. 
Sheets of less extent than fields are 
called floes. Bergs are islands of ice,^ 
considerably elevated above the water; 
and though of the most various forms, 
commonly perpendicular on one side, 
and sloping gradually down on the 
other, in height they are sometimes 
as much as two hundred feet*. There 
are two ways of explaining the forma- 
tion of these bodies. The large masses 
of ice in the Polar seas, when crowded 
together by winds and currents, exert 
such an enormous pressure upon each 

* Experiments made in the Arctic Seas show that 
of a piece of floating ice, the proportion above water 
is generally about one-seventh of the thickness of the 
whole mass. It must not, however, be supposed from 
this, that an iceberg two hundred feet out of the 
water exhibits only one-seventh of its height, because 
these bodies are frequently aground, 



other, that they are frequently broken, 
and the fragments are piled up so as 
to form mounds and ridges of consider- 
able elevation ; it is thus that many of 
the small ice-bergs originate. There is 
no doubt, however, that the most bulky 
of these bodies are detached portions 
of vast glaciers, such as abound on the 
precipitous coasts of Greenland and 
Spitzbergen, broken off in consequence 
either of their own weight, or the under- 
mining action of the waves, and then 
carried by winds and currents to other 
parts of the ocean. 

When the summer has well advanced, 
the masses of ice which have been 
frozen together during the winter gra- 
dually separate, and clear spaces of 
water are left. As soon as the end of 
September, these open spaces again be- 
gin to freeze over; but before this effect 
commences, the temperature of the air 
must be very much lowered, owing 
partly to the freezing point of sea being 
three and a half degrees (Fahrenheit) 
below that of common water, but more 
especially to the surface which the water 
presents to the atmosphere being re- 
peatedly changed before its temperature 
is sufficiently reduced for it to freeze. 
This change in the surface, which is 
greatly assisted by the agitation of the 
sea, takes place in consequence of the 
particles of a liquid body becoming spe- 
cifically heavier as they get cooled, so 
that they descend and are succeeded 
by warmer particies. 

There are three kinds of movements 
constantly going on in the waters of the 
sea : — 1 . The agitations which its sur- 
face undergoes by the action of winds 
— 2. Tides, which are the result of the 
attraction exercised on the water by the 
sun and moon — 3. .Currents, which 
arise from different causes, some of 
them existing within the element itself. 

1. As the particles of a fluid press 
equally in every direction, it follows that 
when a portion of the surface of the 
water is displaced by a wind, the adjoin- 
ing water instantly rushes in to restore 
the equilibrium or balance which has 
been destroyed. Tins accounts for the 
formation of waves. When a violent 
impulse has thus been communicated, 
the waves continue in motion for some 
hours after the gale has entirely sub- 
sided, on the same principle as a pendu- 
lum continues to swing for some time - 
after it has been set in action. Yet the 
agitation occasioned by winds* extends 
to comparatively but a little way below 
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the surface of the water: divers say 
that, in the roughest weather, it is calm 
at the depth of ninety feet. 
' 2. The tides proceed from the attrac- 
tive forces of the sun and moon, which 
diminish the gravity of the waters of the 



ocean, or, which is the same thing, 
draw or lift up the waters toward them- 
selves. Let E (fig. l.) represent the 
earth and M the moon; since the 
power of gravity increases as the square 
of the distance diminishes, it is evident 




that the waters at A, the part of the 
earth nearest the moon, will most feel 
the effect of her attraction, and will be 
raised up to B ; while those on each side 
of A, being farther off, will be less 
raised. But besides the difference occa- 
sioned by a greater or less distance, the 
more oblique or slanting the line of at- 
traction, the less will be the elevation of 
the water acted upon, till at last the 
water towards and under the circle CEF 
will not only not be elevated but will 
be lowered. The reason of this is, that 
the force of attraction acts in straight 
lines ; and, therefore, if we draw two 
straight lines from the moon's centre, 
MC, MF, to represent this force acting 
on the parts C and F, it is obvious that 
the water at C and at F will not be 
raised, but depressed by being drawn 
away from C to D and from F to H ; 
and so of every part of the circle CEF. 
In the same manner, the water at D and 
H will pass to G and I, and thus the 
ocean will be disposed in a spheroidal 
form CDGBIHF. But the water will, 
at the same time, rise on the side of the 
earth away from the moon, because the 
earth's centre being more strongly drawn 
towards the moon than the point N, re- 
cedes from N, which is the same in effect 
as if the water at N receded or rose up 
from the earth's centre. The ocean, 
therefore, will assume a spheroidal form, 
CKF, on the side away from the moon, 
as well as on the one facing her. Thus, 
if we draw aline MAKfrom the moon's 
centre through the centre of the earth, 
the two points B, K,' where it touches 
the earth's surface, will be those of high 
water ; and if we take two more points 
C, F, equally distant from each of the 
first two, they will be points of low water. 
By the earth's rotation on its axis the 
part E will be carried to A and the part 
C to N ; matters will then be just re- 
versed, and it will be high water at F 



and C, and low water at A and N. Ac- 
cording to th is it should be high water 
at any place in the open sea, when the 
moon is upon the meridian of that 
place, and low water when the moon is 
upon a circle cutting the meridian in 
question at right angles ; but, in fact, 
the greatest and least heights of the 
water at such a place do not occur till 
about three hours after the periods 
fixed in this supposition. The delay is 
thus explained: the elevated parts of 
the sea have received such an im- 
pulse towards ascent, that they continue 
to rise after the earth's rotation has 
carried them from under the line of the 
direct attraction of the moon ; this im- 
pulse being also aided for a time by the 
moon continuing to attract the water 
upwards, though in a less degree. 

As the moon crosses the meridian of 
a place about every twenty-four hours 
fifty minutes and a half, the sea in that 
space of time ebbs twice and flows twice 
all over the world, although much less 
towards the poles than within the tro- 
pics, where the waters are under the 
direct line of the lunar attraction. 

In the above remarks we have spoken 
only of the moon, because, though the 
'sun is so very much larger than the 
moon, yet the latter, on account of her 
nearness to our planet, has the most 
powerful effect upon the tides ; it is cal- 
culated that her influence is nearly tri- 
ple that of the sun. The sun, however, 
acts upon the ocean in the same man- 
ner, though in a less degree. When 
these two bodies unite their influence* 
which they do at the seasons of new and 
full moon, the tides naturally rise the 
highest, and are then called spring tides; 
but when the moon is in her quadra- 
tures, or quarters, the action of each of 
the two luminaries is directly opposed 
to that of the other ; the tides are then 
of course the lowest, and are called neap 



Digitized by 



Google 



PHYSICAL GEOGRAPHY. 



25 




Fig.2. 



-^ 




tides. To explain this more clearly, let 
E (fig. 2) be the earth, S the sun, and 
rn the moon ; when new, the moon is 
situated at x, when full at xt, and when 
in her quadratures at y and y'. It re- 
sults, from what has been already said, 
that, both at new and full moon, the sun 
and moon will each assist the other in 
raising the ocean round A and D, and de- 
pressing it at C and B; but when the 
moon is in her quadratures, her tendency 
is to raise the waters at C and B and 
depress them at A and D ; while that of 
the sun is exactly the reverse. During 
the moon's circuit round the earth, the 



spring and the neap tides each occur, 
twice, and one after the other. 

If the earth were entirely covered by 
a sea of uniform depth, and the sun ana 
moon moved always in the plane of the 
equator, the region of the highest tides 
would always be directly under the 
equator, while at the poles there would 
never be any tide whatever. But the 
changes that occur in the positions of 
the sun and moon, and several other 
circumstances, prevent the tides from 
taking place in so uniform a manner. 

In figure 3, let us suppose A E H to 
be the equator, and C and F the poles 




of the earth, and let M, the moon, and 
S, the sun, both be in the plane of the 
equator ; in this case the water will be 
higher at H and A, than in any other 
places, and most depressed under the 
circle C E F. By the earth's rotation, 
E will come to A, and it will be high 
water at E, but C and F, the poles, 
suffer, no change of position from the 
earth's rotation, and the waters there 
will, consequently, remain just as before. 
If the sun and moon, therefore, were to 
remain constantly in the plane of the 
equator, the highest tideswould always 
be at A, E, H, &c, that is, under the 
equator ; while, as Cand F would alwavs 
be situated the same with respect to the 
sun and moon, it would always be low 



*e 



water at the poles, that is, they would 
never have any tides at all. The sun 
and moon, however, are continually 
changing their positions, with respect 
both to the equator and to each other, 
and corresponding variations are pro- 
duced in the' tides. The moon, for in- 
stance, is sometimes as much as 28 f 
degrees on each side of it. Suppose her 
to be situated at x, 28 J degrees north of 
the equator, draw a line from x through 
the centre of the earth, and let it come 
out at the opposite side of the earth, 
the points B and I will have the highest 
tides, and as tin? earth turns round, all 
the parts of the cycles G B and I D 
will successively come Jo B and I. The 
waters, under those tw<? circles, will, 
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therefore, have the highest" lunar tides, 
(when the moon is at a? or a? 7 ) and the 
waters, under the circles T t anti Yy, 
will, in turn, be the most depressed. 
Results of a similar kind are obtained if 
we notice the changes of the sun's posi- 
tion. In the course of a year, that lu- 
minary ranges nearly 23 £ degrees on 
each side of the equator. Suppose him 
to be situated at z, 23£ degrees north of 
it : a line drawn from him, through the 
earth's centre to the other side, will pass 
through L and M, and the parts under 
the circles L K and M N will, while the 
sun is at z or z' t experience the highest 
solar tides. If, therefore, at the time 
when the sun is situated at z, or z\ the 
moon happens to be at x, a/, q, or q', 
the sea, under the four circles G B, 
I D, L K, and M N, will, as the earth 
moves round, have the highest tides on 
the globe ; the tides of G B and I D 
being, however, higher than those of 
L K and M N ; since the moon's attrac- 
tion is more powerful than that of the sun. 
If again, while the sun is at z, or z*, the 
moon happens to be at p, p' t v, or v\ 
the forces of both will combine to raise 
the tides highest under the two circles 
L K, M N ; and when both luminaries 
are on the equator together, the circle 
A E H (that is, the equator) will, alone, 
be that of the highest tides. It must 
at the same time be kept in view, that 
whenever the sun and moon are not 
situated at the same distances from the 
equator, so that the circles of their 
highest tides do not coincide or fall to- 
gether, allowance must be made for their 
attractive forces counteracting, in some 
degree, each other's effects upon the 
ocean ; and as the moon completes her 
range -on each side of the equator in 
about 29£ days, while the sun, to com- 
plete his, takes nearly 365 \ days, their 
combined motions must -produce con- 
tinual irregularities in the tides. Taking 
one year with another, the mean monthly 
range of the moon on each side of the 
equator is the same as the annual range 
of the sun (23° 28') ; the highest tides 
are, consequently, within the tropics, 
and the least within the arctic and an- 
tarctic circles.* Within the tropics, the 



• We have already shown, that it is high water at 
anyplace twice in every 24 hours aO^iinutes. When 
a place w on the same side of the equator as the moon, 
the tide, which is produced whiH the moon is above 
the horizon of the place, will exceed the tide which 
is produced while the moo', i 9 under the horizon of 
the place ; but when a pl^ ce is on the orpos it e Sl de of 
the equator to the mo^ t i ie effect is exactly the re- 
verse. I his is 6 r plained in tne following way;— 



flood tide passes from east to west, (fol- 
lowing the apparent course of the sun 
and moon,) but as the torrid zone is the 
seat of the highest tides, the flood in 
the northern temperate zone comes from 
the south, and in the southern tem- 
perate zone from the north. To this rule 
there are, nevertheless, local exceptions, 
caused by those derangements of the 
tide which we are now going to mention. 
Of all irregularities in the tides, those 
are the greatest which are occasioned 
by the obstacles offered by the land to 
the ebb and flow of the waters. The 
impediments created by shallows in the 
ocean, and by the shores, bays, gulfs, 
and promontories of islands and conti- 
nents are such, that the tides are greatly 
delayed, altered both in degree and in 
direction, and in many places so accu- 
mulated, that they rise to heights far 
exceeding what is witnessed in the open 
ocean. On the coasts of the islands of 
the South Sea, there are regular tides 
of only one or two feet in elevation ; 
but on the western shores of Europe, 
and on the eastern shores of Asia, the 
tides are very strong, and have many 
variations. On the northern coasts of 
France, the flow being confined in a 
channel, and repelled also by the oppo- 
site coasts of England, rises to a sur- 
prising height ; at St. Maloes, in Bre- 
tagne, it is said, even to 50 feet The 
tide of the German Ocean is twelve hours 
in travelling from the mouth of the 
Thames to London Bridge, where it 
arrives about the time that there is a 
new tide in the German ocean. This 
is one instance out of many, of the effect 
produced upon the tide when it has to 
pass along a narrow channel, and to 
overcome an opposing current. 
The explanation that has been given 



LK (fig. 3) is a parallel of north, And MN a parallel 
of south, latitude ; CHFA is a meridian ; and when 
the moon is at K, LK and MN afe also circles of the 
highest tides. Each place under those circles has 
high water twice in 24 hours 50£ minutes — once, 
when it is under L or M — and again, when it is under 
Kor N ; but, under M and N, the tides are not so high 
as at L and M, because we have before shown that L 
and M are the points of the highest tides when the 
moon is at p. Now, to places under L and N, the 
moon is above the horizon— and, to places under M 
and K,she is below the horizon; and, therefore, when 
the moon is at p, north of the equator, a place under 
LK, a parallel of north latitude, will have its greatest 
high water when the moon is above the horizon; but a 
place under MN, a parallel of south latitude, will have 
its greatest high water when the moon is below the 
horizon. When the moou is at p', south of the equa- 
tor, these effects will be just reversed. In summer, 
when the sun's declination is considerably north, (he 
afternoon tides, north of the equator, ate higher than 
the morning tides; in winter, the morning tides ex- 
ceed those of the afternoon, ' 
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of the manner in which tides are created 
in the ocean, will enable us to perceive 
why it is that, in some gulfs and inland 
seas, there are either no tides, or such 
trifling ones as to be scarcely discern- 
ible. In figure 1 , the waters at A are 
brought to B, not only by the moon 
raising up the parts immediately under 
her, but also by her drawing obliquely 
towards B the parts distant from B, 
and by the lateral flowing of the neigh- 
bouring waters (p », for instance) 
towards B, which results* from their 
being less attracted by the moon, and, 
therefore, heavier than those at B. 
Being heavier than B, they press upon 
and flow towards that part. In small 
collections of water, the moon acts with 
the same line of attraction, or nearly 
so, upon every portion of the surface at 
once, and, therefore, the whole of the 
waters being equally elevated at the 
same period, no part of them is ever 
higher than the other. This is one 
reason why the Baltic has no percep- 
tible tides, and why even those of the 
Mediterranean are hardly visible.* But 
in addition to this, the two seas in ques- 
tion are so circumstanced that they 
cannot receive tides from the Atlantic : 
1st, because their -entrances are not 
turned towards the main direction of the 
Atlantic tide ; 2ndly, because their en- 
trances are so narrow, that the quantity 
of tide which that ocean can, in a few 
hours, impel into them, is insufficient, 
after being spread over the extensive 
surfaces of the two seas, to raise their 
level at all perceptibly. The Greeks, 
who accompanied Alexander the Great 
in his expedition to the east, having 
never been on any other coasts than 
those of the Mediterranean, were seized 
with complete consternation on first 
beholding the retreat of the strong tide 
which the Indian ocean sends into the 
river Indus. In gulfs which are differ- 
ently circumstanced with respect to the 
direction of their entrances, and which 
have openings wider, as compared with 
their extent, the tides propagated from 
the ocean are sensibly felt. Hudson's 
and Baffin's Bays, and the Red Sea, are 
examples which prove the correctness 
of this observation. 



• The little tide which there is in the Mediterra- 
nean, seems to be formed chiefly in the nart extend- 
ing to the east of Malta, and to proceed northward 
into the Gu'.f of Veniiv. M. D'Angbs observed that 
at Toulon, on the coast of France, the sea rose a foot 
about three hoard and a half after the moon passed 
the meridian. 



Currents and winds (especially the 
latter) have, according to their direc- 
tion, an influence either in quickening 
or retarding the tide ; indeed a powerful 
wind will sometimes keep a tide out of 
very narrow channels. On the contrary, 
a strong wind coming from the same 
quarter as the tide, will raise it several 
feet above its usual level. 

The causes which render the move- 
ments of the tides complex and irregular, 
may thus be summed up under four 
heads — 1. The variations in the posi- 
tions of the sun and moon, with respect 
.to the equator and to each other. 2. The 
obstacles presented by the land ; 3. by 
winds ; and 4. by currents. The exist- 
ence of these causes renders it impos- 
sible to lay down any general rule for 
calculating the level, either of high or 
of low water, in different latitudes. 

3. Currents in the ocean may be oc- 
casioned in various ways : they may 
arise from an external impulse, (a gale 
of wind for instance) ; from a difference 
in temperature or saltness between two 
parts of the sea; from the periodical 
melting of the polar ice, or from the 
inequality of the evaporation which the 
surface of the sea undergoes in different 
latitudes. These causes may produce 
either constant or occasional'currents, 
and, according as they act in concert or in 
opposition, will their effects be various. 

The most remarkable currents are 
those which continually follow the same 
direction. There is one which sets re- 
gularly from each of the poles towards 
the equator ; and when we get within 
twenty-eight or thirty degrees of the line 
on either side, a general movement is 
observed in the ocean, in a direction 
nearly from east to west The existence 
of the two polar currents is proved by 
the floating of masses of ice from the 
frigid into the temperate regions ; these 
masses are, at times, seen as low as the 
forty-fifth, or even the fortieth degree of 
latitude. It was the opposition of the 
polar current which principally occa- 
sioned the failure of the attempt made 
last year under Captain Parry to reach 
the north pole ; before they desisted from 
their efforts, the expedition found that, 
as they advanced over the ice, they were 
being drifted southward, at a rate faster 
than that at which they were travelling 
northward. It is equally certain that a 
tropical current exists, judging not only 
from the direction of bodies floating on 
the water, but also from the circum- 
stance" that vessels, in crossing from 
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Europe to America, descend to the 
latitude of the Canary Islands, where 
they fall into a current and are carried 
rapidly to the west. In going from 
America to Asia across the Pacific, a si- 
milar effect is observed. It might be 
supposed that this was due solely to Ihe 
trade-winds, but such is not the case : for 
it is quite possible to distinguish their 
effect from that of the currents, since the 
progress of the vessel is quicker than it 
could be with< the aid of the wind alone. 
. The origin of the polar currents is, no 
doubt, in a great measure, to be referred 
to the centrifugal force which is the 
result of the earth's rotation. (See 
Mathematical Geography, chap. 8.) It 
may be further explained, when we re- 
flect that the water towards the poles, 
both on account of its lower tempera- 
ture and its being less attracted by the 
heavenly bodies, is heavier than the 
water in the tropical regions, and, more- 
over, that the heat of the torrid zone 
occasions a much more powerful eva- 
poration of the sea than is elsewhere 
experienced: the consequence is, that 
the waters nearer the poles will move 
towards the equator, in order to restore 
the equilibrium which has, in these se- 
veral ways, been destroyed. The tro- 
pical current may also, though in ano- 
ther manner, be explained as proceed- 
ing from the earth's rotation. The 
waters, as they advance from the polar 
seas, pass from regions where the ro- 
tatory motion of the earth's surface is 
very slight, to those where it is exceed- 



Atlantic ; and it will be seen, if we refer 
to a map, that from Cape St. Roche, 
which has about live degrees of south 
latitude, the coast of South America 
stretches away in a continued line to 
the north-west, as far as the isle of Tri- 
nidad. Owing to this shape of the coast, 
the waters, as far as the tenth degree of 
south latitude, are, when they approach 
America, carried away in a current to 
the north-west. This current afterwards 
enters the gulf of Mexico, through the 
strait formed by the western end of 
Cuba, and the opposite peninsula, (from 
this part it is called, by navigators, the 
Gulf-stream,) and follows the bendings 
of the Mexican coast, from Vera Cruz 
to the mouth of the Rio del Norte, and 
thence to the mouths of the Mississippi, 
and the shoals west of the southern ex- 
tremity of Florida. It next takes a new 
direction to the north, and rushes impe- 
tuously into the gulf of Florida. M. Hum- 
boldt observed in the month of May 
1804, in the 26th and 27th degrees of 
latitude, that its velocity was eighty 
miles in twenty-four hours, although, 
at the time, there was a violent wind 
against it. At the end of the gulf of 
Florida, (north lat 28°) it runs to the 
north-east, at the rate, sometimes, of 
five miles an hour. It may always be 
distinguished by the high temperature * 
and the saltness of its waters, their in- 
digo-blue colour, and the quantity of 
sea-weed floating on the surface, and 
also by the heat of the surrounding at- 
mosphere. The rapidity and tempera- 



ingly rapid; they cannot immediately ture of the Gulf-stream, diminish towards 
acquire the rapid motion with which the the north, while, at the same time, its 

solid parts of the earth revolve in the u -~- -^ ; -*- Ti ~ *--- ^ 

tropical regions, and they are, accord- 
ingly, left rather behind, that is, to the 
westward (the earth turning round from 
west to east). The ocean, consequently, 
appears to retreat from the western, and 
advance upon the eastern coasts of the 



breadth increases/** Its further progress 
northward is at last checked by the 
southern extremity of the great bank of 
Newfoundland, in the 4 2d degree of la- 
titude, where it turns suddenly to the 
east. It afterwards continues moving 
towards the east, and the east-south- 



continents, or, in other words, to have^ east, as far as the Azores islands ; and 
a general movement from east to west ; 
and the effect is very much assisted by 
the constant blowing of the trade winds. 
We will now explain the modifications 
or changes which this grand movement 
in the ocean undergoes, in consequence 
of the obstacles presented by the land 
to its free progress. When it meets 
with shores or narrow straits to impede 
or turn aside its course, it forms strong 
and even dangerous currents. The 
eastern coast of America, and the West 
India Islands, constitute a sort of dyke 
to the general westward motion of the 



* Humboldt observes that " the waters of (he Mex- 
ican Gulf, forcibly drawn to the north-east, preserve 
their warm temperature to such a point, that at forty 
and forty-one degrees of latitude, he found them at 
seventy-two degrees and a half (Fahrenheit); when, 
out of the current, the heat of the ocean at its surface 
was scarcely sixty-three degrees and a half. In the 
parallel of New York, (forty-one degrees north) the 
temperature of the Gulf stream is, consequently, 
equal to that of the seasof the tropics in the eighteenth 
degree of latitude." 



r Its breadth in latitude twenty-eight degrees and 

half is seventeen leagues ; (3.46 miles to a league) 

in the parallel of Charles town, (thirty-three degrees. 



nearly) from forty to fifty leagues ; and on the meri- 
dian of Corvo and Flores, the westernmost of the 
Azores islands, it is one hundred and sixtv leagues. 
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thence it tarns towards the straits of 
Gibraltar, the Isle of Madeira, and the 
group of the Canaries, till, on reaching 
the parallel of Cape Blanco, it completes 
the round by mixing with the grand 
westerly current of the tropics. It is 
probable, however, that a branch still 
keeps on its course to the south and 
south-east, along the coast of Africa ; for 
it is well known that ships, if they ap- 
proach too near the shore, are drawn 
into the gulf of Guinea, and with diffi- 
culty get out again. We thus see that 
between the parallels of 1 1 and 43 de- 
grees, the waters of the Atlantic are car- 
ried on in a continual whirlpool. Hum- 
boldt remarks that, supposing a particle 
of water to return to the same place 
from which it departed, " we can esti- 
mate, from our present knowledge of 
the swiftness of currents, that this cir- 
cuit of three thousand eight hundred 
leagues is not terminated in less than 
two years and ten months. A boat, 
which may be supposed to receive 
no impulse from the winds, would re- 
quire thirteen months, from the Canary 
Islands, to reach the coast of Caraccas ; 
ten months to make the tour of the 
Gulf of Mexico and reach Tortoise 
Shoals, opposite the port of the Havan- 
nah ; while forty or fifty days might be 
sufficient to carry it from the straits of 
Florida to the bank of Newfoundland. 
It would be difficult to fix the rapidity 
of the retrograde current from this bank 
to the coasts of Africa : estimating the 
mean velocity of the waters at seven or 
eight miles in twenty-four hours, we 
find ten or eleven months for this last 
distance." It is a curious fact, that to- 
wards the close of the 1 5th century, be- 
fore Europeans were acquainted with 
the existence of America, two bodies 
belonging to an unknown race of men 
•were cast by the Gulf- stream on the 
coasts of the Azores, and pieces of bam- 
boo were brought by the same current 
to the shore of the small island of Porto 
Santo ; by these circumstances, Colum- 
bus is said to have been strengthened in 
his conjectures with respect to the ex- 
istence of a western continent. 

An arm of the Gulf- stream in the 
45 th and 50th degrees of latitude, runs 
to the north-east, towards the coasts of 
Europe, and becomes very strong when 
the wind has blown long from the west. 
The fruit of trees which belong to the 
American torrid zone is every year de- 
posited on the western coasts of Ireland 
and Norway ; and on the shores of the 



Hebrides are collected seeds of several 
plants, the growth of Jamaica, Cuba, 
and the neighbouring continent. The 
most striking circumstance, perhaps, 
is that of the wreck of an English vessel, 
burnt near Jamaica, having been found 
on the coast of Scotland. 

There are various currents in t the 
Pacific and Indian oceans. The general 
westward motion of the former is im- 
peded: by a numerous archipelago, and 
hence it receives different directions. 
A strong currrent sets to the west 
through each of the two straits which 
respectively separate New Holland from 
New Guinea and from Van Diemen's 
Land. It then gets diverted, and flows 
northward along the coast of Sumatra, 
till it reaches the bottom of the Bay of 
Bengal. The following appears to be 
the reason of its taking this course : — 
the general impetus of the Pacific to- 
wards the we3t, being encountered by 
New Holland and the numerous East 
India Isles, is broken and dispersed ; 
while the westerly motion of the Indian 
sea has not, in so early a stage, acquired 
much strength ; the polar current from 
the south, at the same time, presses 
upon the wide opening which the Indian 
sea presents to that quarter, and the 
waters on the eastern verge of that sea 
are, therefore/jpushed into the Bay of 
Bengal. In the neighbourhood of Cey- 
lon and the Maldive islands, however, 
the tropical motion has become power- 
ful enough to resist the polar current. 
The westerly current then recommences, 
but is again turned out of its line and 
made to flow to the south-west, by the 
chain of islands and shallows, which 
reaches from the extremity of the In- 
dian peninsula to Madagascar. After 
passing Madagascar, it dashes against 
Africa, and at the termination of that 
continent, mingles with the general mo- 
tion of the waters. 

A current afterwards sweeps from 
the Atlantic into the Pacific ocean, 
through the straits of Magellan. There 
can be little doubt that this is a branch 
of the general current from the south 

Eole ; though, at the same time, it may 
e partly the result of the westerly 
movement of the Atlantic, which, being 
checked by the shores of Brazil, flows 
to the south-west, along the South Ame- 
rican coast. 

There is a question connected with 
the currents of the Arctic ocean, which 
has engaged a good deal of attention, 
and been considered difficult to explain ; 
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it is from what quarters the timber can 
come which is found floating on the 
polar seas in such large quantities, and 
so much of which is thrown ashore on 
the northern side of Iceland*. The few 
specimens seen of the growth of Mex- 
ico and Brazil, must have travelled to 
the north by means of the Gulf-stream 
of which we have spoken ; the rest 
(principally pines and firs) mostlikely 
comes from Siberia and North America, 
along the shores of which it is drifted 
\?\ it arrives at the opening into the 
Atlantic, in the midst of which Iceland 
is placed. 

The existence of under currents dif- 
ferent from, and even opposite in their 
direction to those on the surface is, by 
no means, improbable in some cases, 
though it is a matter not admitting of 
proof. It has been thought that the 
Mediterranean, which has a strong flow 
always setting into it through the straits 
of Gibraltar, sends back a portion of 
its waters into the Atlantic, by a con- 
cealed current. Contrary currents, pass- 
ing along side by side, are not uncom- 
mon. In the Kattegat, a northern cur- 
rent flows out of the Baltic, along the 
coast of Sweden, while a southern one 
enters the Baltic along the coast of 
Denmark. "When two opposite currents 
of about equal force meet one another, 
they sometimes, especially in narrow 
channels, turn upon a centre and assume 
a spiral form, giving rise to eddies or 
whirlpools. The most celebrated of 



these are the JEuripus, near the island 
of Euboea, in the Grecian Archipelago ; 
Charybdis, in the strait between Italy 
and Sicily ; and the Maelstrom, off the 
coast of Norway. The most violent of 
them, when agitated by tides or winds, 
become very dangerous to navigation. 
On Currents in the Atmosphere. 

It does not belong to our present 
subject to investigate the properties and 
component parts of the atmosphere, 
but it* will be proper to notice the agi- 
tations or movements which are con- 
stantly taking place in that fluid. A 
change in the temperature of a portion 
of air ; an increase or a diminution of 
the quantity of water which it holds in 
a state of vapour ; in short, any circum- 
stance which causes it either to contract 
or to expand, destroys the equilibrium 
subsisting among the different parts of 
the atmosphere, and occasions a rush of 
air, that is, a wind, towards the spot 
where the balance has been destroyed. 

Every one knows that the velocity 
and force of winds are exceedingly 
various; accordingly, several methods 
have been suggested, and instruments 
invented, in order to determine their 
amount with some degree of exactness. 
In the fifty-first volume of the " Philo- 
sophical Transactions," there is a table 
of the different velocities and forces of 
winds, drawn up from a considerable 
number of facts and experiments ; the 
following particulars are extracted from 
it:— 



Velocity of the Wind. 

Miles in an hour. 
1 

it::. 

10 

15 

30 

35 

50 

80 

100 



Perpendicular fame on one square foot, 1 
Avoirdupois pounds. 

dec. parts. 

.005 ... 

.0791 

123/ •• 

.492 \ 

1.107/ "• 

4.4291 

6.027J "•• 

12.300 ... 

31.4901 

49.200/ •••*' 



Common Appellations of the forces 
of such Winds. 



Hardly perceptible. 
Gentle, pleasant wind. 

Brisk gale. 

High wind. 
A storm. 
A hurricane. 



Winds may be divided into three 
classes — those which flow constantly 
in the same direction, those which are 
periodical, and those which are va- 
riable. It must be observed that the 
terms which express the direction of 
winds are employed in a sense quite 

• From the account which Captain Parry has 
given of his last voyage, it appears that there is also 
a great quantity of timber which has been cast by 
the sea upon the northern coast of Spitzbergen. 



contrary to that in which they are used 
when we speak of the direction of cur- 
rents in the ocean ; a westerly current, 
for example, signifies a current flowing 
towards the west, but a westerly wind 
signifies a wind coming from that 
quarter. 

The permanent winds are those which 
blow constantly between, and a few de- 
grees beyond, the tropics, and are called 
trade-wrnds. On the north of the 
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equator, their direction is from the 
north-east (varying at times a point or 
two of the compass each way) ; on the 
south of the equator, they proceed 
from the south-east. The origin of 
them is this : — the powerful heat of the 
torrid zone rarefies or makes lighter the 
air of that region ; the air, in conse- 
quence of this rarefaction, rises, and 
to supply its place a colder atmosphere 
from each of the temperate zones moves 
towards the equator. But (as in the 
case of the polar currents in the ocean) 
these north and south winds pass from 
regions, where the rotatory motion of 
the earth's surface is less, to those where 
it is greater. Unable at once to ac- 



with water; bu^UKsven surface and 
unequal tempjPftureot the Jand divert 
and derange mem : it is on this account 
that the trade- winds are constantly ex- 
perienced only over the open ocean. 
The larger the expanse of ocean over 
which they range, the more steadily they 
blow : thus in the Pacific thev* are 
commonly more steady than in the At- 
lanti^pea'n, and in the south than in 
the ^Bch Atlantic. In sailing from the 
Cananes to CfRana, on the north coi 
of South America, it is hardly eve: 
quisite to touch the sails of the jresl 
The voyage across the Paci^ 
Acapulco on the west coast o3me! 
»to the Philippine islands, isjprformed 
" "There v 




behind, and instead of being north and 
south winds, as they would if the earth's 
surface did not turn round, they become 
north-east and south-east winds. The 
space included between the second and 
fifth degrees of north latitude, is the 
internal boundary of the two winds ; and 
this space experiences calms, frequently 
interrupted, however, by violent storms* 
The reason why it is situated to the 
north of, instead of exactly at, the equa- 
tor, seems to be that the northern hemi- 
sphere is warmer than the southern ; 
for since the trade- winds are the result 
of the continual ascent of heated air* 
in the equatorial parts, their internal 
boundary will be where the principal 
ascent is going on, — that is, where the 
annual temperature is the highest; 
which, on account of the above-men- 
tioned inequality of temperature in the 
two hemispheres, will not be at the 
equator, but somewhat to the north of 
it. The external limits of the trade- 
winds are at a medium in about the 
30th degrees of north and south lati- 
tude respectively ; but each limit, as the 
sun approaches the neighbouring tro- 
pic, declines further from the equator. 
The position of the sun has an influence 
also on their strength and direction; 
for when that luminary is near the tro- 
pic of Cancer, the south-east wind>be^ 
comes gradually more southerly, and 
stronger, and the north-east weaker, 
asd more easterly; the effect is reversed 
wran he gets towards 4he tropic of Ca- 
pricorn. 

The trade-winds would blow regu- 
larly round the whole globe within the 
distance of about 30 or 40 degrees 
from the equator each way, if the space 
within those limits were all covered 



here were a 



xi. is gicaicx« vJiia.kUG en, vsiAist* iw av .^ lu lllc •*■ "*«pp*uc r J 

quire this new velocity, they are lefr with equal facility ; an^L 1 

channel through the i^^Mls of Panama, 
a westward passage ifrora Europe to 
China would be more speedy and safe 
than the usual navigation thither round 
the Cape of Good Hope ; the only in- 
terruption to the evenness of this voyage 
would be in the CaribbeaMpea. and the 
Gulf of Mexico, where the trade wind 
blows impetuously, and is nietimes 
interrupted by westerly winds, it would 
not be possible, however, to return by 
the same route, because in sailjpg east 
way must be made to the^^jjuvard, 
in order to get beyond rfier^ftn of 
the trade into that of the variable 
winds. Both in the Atlantic and in 
the Pacific Ocean, the current of the 
trade-winds becomes broader and more 
directly east in its course, as it advances 
from one side to the other of those ex- 
tensive basins. On the west coast of 
Africa, owing to the rarefaction which 
the air undergoes over that continent, 
the wind is mostly turned towards 
the shore ; from Cape Bojador to Cape 
Verd it is generally north-west, and 
thence to the island of St. Thomas, un- 
der the equator, it bends gradually first 
to the west and then to the south-west. 
Along the coasts of Chili and Peru a 
south wind prevails. These are two in- 
stances of the interruption which; the 
trade- winds experience in the neigh- 
bourhood of large masses of land. 

In the Indian Ocean the south-east 
trade-wind prevails between 28° and 1 0° 
of south latitude, from within a few de- 
grees of the east side of Madagascar, 
nearly to the coast of New Holland; 
but from the 1 0th degree of south lati- 
tude to the northern shores of that 
ocean, the uniformity of the tropical 
movements of the atmosphere is de- 
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stioyed by the fl^rtey*;*?, which belong 
to the cla^s of jjfifc J&Wwinds. These 
blow half tt<e fear frouarone quarter, 
and the other half from the opposite di- 
rection: when they shift, variable winds 
and violent storms prevail for a time, 
which render it dangerous to put to sea, 



it is by land on the north, the trade- 
winds would blow over it (at least in 
the central parts) as they do in the At- 
lantic and Pacific Oceans. But it is 
well known that water, owing to its 
transparency, is very little warmed by 
the sun's rays, whereas the land is 



They of course suffer partial changes in powerfully heated by them ; conse- 
particular places, owing to the form and quently, when the sun is between the 
position of the lands, and to o*\«r cir- equator and the tropic of Cancer, 



cumstances, but it wil1.ifo* suffitiwrtt to 

give their general limits*]* nd directions. 

.rv^thward from the tliird degree of 

^iwritUlatitude, a south-west wind blows 

~%t:am«dvril to October — from October to 

A^wii ^u north-east ; these monsoons 

extend o*i,r,tbe^hina sea, but here they 

incline mor€/>{^-"i.ve direction of north 

and south. •O^eO^en the 3d and 10th 

degrees of soutS latitude, a north-west course, 



India, 
Siam, and the adjacent countries, be- 
come much hotter than the ocean ; the 
air over them gets rarefied and ascends ; 
colder air then rushes in from the In- 
dian ocean, and a south-west wind is 
produced. When the sun, however, has 
crossed to the south of the equator, these 
countries become gradually cool, and 
the north-east trade-wind resumes its 
At the same time the north- 



wind blows from October to April, and 
a south-east during the other six months 
of the year: the former is seldom steady 
in the open sea,, but in December and 
January ftr#ometimes extends north- 
wards a-.Alcgree or two beyond the 
equator* s These two monsoons have 
the greatest strength and regularity in 
the Java Sea, and thence eastward to- 
wards ^ew Guinea. The facts above 
exhibited ^ay be thus summed up : — 
fromkrb^rulHo October a south-west 
wind "prevails north of the equator, 
southward of this a south-east wind — 
from October to April, a north-east 
wind north of the equator, and a north- 
west between the equator and 10° 
of south latitude; south of this the 
usual trade wind, which is in motion 
through the whole year. 

In attempting to account for these 
movements of the atmosphere over the 
Indian Ocean, the first thing which 
strikes us. is, that the north-east and 
south-east monsoons, which are found 
the one on the north and the other 
on the south side of the equator, are 
nothing more than the trade- winds 
blowing for six months, and then suc- 
ceeded for the remainder of the year by 
winds directly opposite. It is also to 
be noticed that the south-west monsoon 
in the northern, and the north-west 
monsoon in the southern hemisphere, 
each prevails while the sun ;is perpen- 
dicular to their respective regions : they 
are, therefore, connected with the im- 
mediate presence of that luminary. If 
the Indian Ocean were not bounded as 



west monsoon commences in the south- 
ern hemisphere, in consequence of the 
air over New Holland being rarefied by 
the presence of the sun. 

The monsoons in the Red Sea blow in 
the direction of the shores ; and a similar 
effect is observed in the Mozambique 
channel, between Africa and Madagas- 
car, where these winds follow the line of 
the channel. On the coast of Brazil, 
between Cape St. Augustine and the 
island of St. Catharine, and in the bay 
uf Panama, on the west of the isthmus 
of that name, periodical winds occur 
somewhat similar to the monsoons of 
Asia. 

The land and sea-breezes, which are 
common on coasts and islands situated 
between the tropics, are another kind of 
periodical winds. During the day, the 
air, over the land, is strongly heated 
by the sun, and a cool breeze sets in 
from the sea ; but in the night the at- 
mosphere over the land gets cooled, 
while the sea, and consequently the air 
over it, retains a temperature nearly 
even at all times : accordingly, after sun- 
set, a land-breeze blows off the shore. 
The sea-breeze generally sets in about 
tenrn the forenoon, and lasts till six in 
the ^evening; at seven the land breeze 
begins, and continues till eight in the 
morning, when it dies away.-r These 
alternate breezes are, perhaps, felt in$re 
powerfully on the coast of Malabar tiUn 
anywhere — their effect there extends to 
a distance of twenty leagues from the 
land. During summer, the sea-breeze 
is very perceptible on the coasts of the 
Mediterranean, and sometimes even as 
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We thus perceive that within the limits 
of from 28 to 30 degrees on each side of 
the equator, the movements of the at- 
mosphere are carried on with great regu- 
larity ; but beyond these limits, the winds 
-are extremely variable and uncertain, and 
the observations made have not yet led to 
any satisfactory theory by which to ex- 

• plain them. It appears, however, that 
beyond the region of the trade-winds, the 
most frequent movements of the atmos- 
phere are from the south-west, in the 

• north temperate zone, and from the 
north-west, in the south temperate zone. 
This remark must be limited to winds 
blowing over the ocean and in maritime 
countries ; because those in the interior 
of continents are influenced by a variety 
of circumstances, among which, the 
height and position of chains of moun- 
tains are not the least important. These 
south-west and north-west winds of the 
temperate zones are most likely occa- 
sioned in the following manner : — In the 

• torrid zone there is a continual ascent of 
air, which, after rising, must spread itself 
to the north and south in an opposite 
direction to the trade-winds below : these 
upper currents, becoming cooled above, 
at last descend and mix themselves with 
the lower air ; part of them may perhaps 
Mi again into the trade-winds, and the 
remainder, pursuing its course towards 
the poles, occasion the north-west and 
south-west winds of which we have been 
speaking. It has also been conjectured 
that these winds may frequently be 
caused by a decomposition of the atmos- 

' phere towards the poles, from part of 
the air being at times converted into 
water. 

Hurricanes have been supposed to be 
of electric origin. A large vacuum is 
suddenly created in the atmosphere, into 
which vacuum the surrounding air rushes 
with immense rapidity, sometimes from 
opposite points of the compass, spreading 
the most frightful devastation along its 
track, rooting up trees, and levelling 
houses with the ground. They are sel- 
dom experienced beyond the tropics, or 
nearer the equator than the 9th or 10th 
parallels of latitude ; and they rage with 
the greatest fury, near the tropics, in the 
vicinity of land or islands, while far out 
in the open ocean they rarely occur. 
They are most common among the West 
India islands, near the east coast of 
Madagascar, the islands of Mauritius 
and Bourbon, in the Bay of Bengal at 
the changing of the monsoons, and on 
the coasts of China, 



Whirlwinds sometimes arise from 
winds blowing among lofty and precipi- 
tous mountains, the form of which in- 
fluences their direction, and occasions 
gusts to descend with a spiral or whirling 
motion. They are frequently, however, 
caused by two winds meeting each other 
at an angle, and then turning upon a cen- 
tre. When two winds thus encounter 
one another, any cloud which happens 
to be between them is of course con- 
densed and turned rapidly round; and 
all substances sufficiently light are car- 
ried up into the air by the whirling mo 
tion which ensues. The action of a 
whirlwind at sea occasions the curious 
phenomenon called a water-spout, which 
is thus described by those who have 
witnessed it From a dense cloud a cone 
. descends in the form of a trumpet with 
the small end downwards ; at the same 
time, the surface of the sea under it is 
agitated and whirled round, the waters 
are separated into vapour, and ascend 
with a spiral motion till they unite with 
the cone proceeding from the cloud; 
frequently, however, they disperse before 
the junction is effected Both columns 
diminish towards their point of contact, 
where they are not above three or four 
feet in diameter. In the middle of the 
cone forming the water-spout, there is a 
• white transparent tube, which becomes 
less distinct on approaching it, and it is 
then discovered to be a vacant space in 
which none of the small particles of 
water ascend; and in this, as well as 
•around the outer edges of the water- 
spout, large drops of rain precipitate 
themselves. In calm weather, water- 
spouts generally preserve the perpendi- 
cular in their motion; but when acted 
on by winds they move on obliquely — 
sometimes they disperse suddenly, at 
others they pass rapidly along the surface 
of the sea, and continue a quarter of an 
hour or more before they disappear. A 
•notion has been entertained that they 
are very dangerous to shipping, owing to 
.the descent, at the instant of their break- 
ing, of a large body of water sufficient to 
.sink a ship ; but this does not appear to 
be the case, for the water descends only 
in the form of heavy rain. It is true, 
that small vessels incur a risk of being 
overset if they carry much sail; be- 
cause sudden gusts of wind, from all 
points of the compass, are very common 
m the vicinity of water-spouts. 
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O* FbVsical Climate. 

' Circumstances which determine its cha- 
racter — Mean annual Temperature- 
Extremes of Heat and Cold— Iso- 
thermal Lines — Temperatures of the 
Southern and Northern Hemispheres 
compared— Quantity of Evaporation 
ana of Rain in various Latitudes— 
Character of the Seasons in the differ* 
mt Zones. 

IThe teim climate is applied to the state 
-of the air, in order to express that parti- 
cular combination of temperature and 
^moisture which exists in the atmosphere 
.-of any greater or less extent of country. 
The climates Of different regions of the 
:globe, and the causes which occasion 
'their great diversity, are interesting mat- 
ters of inquiry. If an uniform climate 
had been communicated to the whole 
globe, we should not have seen such 
wonderful variety among the animal and 
"vegetable tribes ; and many things that 
How raise the delight, or administer to 
the necessities of the human race, would 
have been entirely unknown. It might 
tat first be imagined that the climate of 
.any particular place depended solely upon 
the action of the sun ; but, upon further 
'consideration, we shall find that there are 
other circumstances to be taken into ac- 
count: were it not so, any two places 
•having the same latitude, and conse- 
quently receiving the sun's rays at the 
-same angle, would enjoy similar climates, 
which is by no means the case. It is a 
•wise ordination of Providence that the 
sun's action is modified in such various 
•ways, as to produce a more equal distri- 
bution of heat over the surface of the 
globe than would otherwise have existed ; 
hy means of which, large regions are 
adapted to the residence and support of 
iman, that would else, from extreme heat 
4xr cold, have been quite tminbabitafele. 

There are eight circumstances which 
determine physical climate:— 1. The 
{power of the sun's immediate action, 
which increases in proportion as we ap- 
. <proach the equator ; 2. elevation of the 
•ground above the level of the ocean ; 3. 
position with respect to the great seas ; 
4. quarter towards which the surface of 
the country slopes ; "5. position and direc- 
tion of chains of mountains; 6. nature of 
gteao il; 7vdegree of -cultivation and in> 
fffovement to which the country has 
arrived ; 8. present winds. 

1. The amount of the immediate solar 
heat depends upon the position of the 
sun in the ecliptic, because to all places 
(whatever their distance from the Equa- 



tor.) this position determines the length of 
the day, and the direction in which the 
suns rays strike the earth. When the 
sun remains a long time above the hori- 
zon, his continued action causes a pow- 
erful accumulation of heat; the nights 
also being short, butlittle of this heat 
escapes during his absence. On this 
account it is, that even within the arctic 
circle the summer temperature is same- 
times quite oppressive*. Thedirectkmim 
which the rays fall upon the earthis 
another important consideration ; tasar 
greatest force being experienced whm 
theyareperpendieulart^ Or* 

the contrary, when the sun is near the 
horizon, his rays merely'glance along the 
ground, and many of them, before they 
reach it, are absorbed and dispersed, 
owing to the density of the lowest stratum 
of the atmosphere along which they have 
to pass. Bouguer calculated that, out' of 
-10,000 rays "falling upon the earths at- 
mosphere, 8123 arrive at a given point 
if they come perpendicularly ; 7024, if 
the angle of direction is 50 degrees.; 
2831, if it is 7 degrees, and only 5,if tire 
direction is horizontal 

2. It is well known how the tempera- 
ture of a place is influenced by the eleva- 
tion of the land. In proceeding from 
the equator towards either of the poles, 
without altering our height above the 
level of the sea, we must travel a great 
distance before we find the mean annual 
temperature reduced even a few degrees; 
but, by increasing our elevation, a rapid 
-change of temperature will be expe- 
rienced, till we arrive at the point where 
constant frost prevails. The extreme 
cold which exists in the upper region of 
the atmosphere seems to be owing to the 
expansion of the air (see chap, vii of the 
Treatise on Heat) ; partly, also, to the 
circumstance of that region being beyond 
the reach of the heat reflected from the 
eutifece of the earth. The decreases of 
heat, at equal ascents, are not altogether 
uniform, as they take place more rapidry 
in the higher parts of the atmosphere* 
•The annexed table, abridged from one 
drawn up by Professor Leslie, shows 
that even under the eouator, where the 
suns direct influCBoe is most pewernuV 
an ascent of rather more than 16,00* 
fset<about Similes) above the level of 
the sea, wiU bring us v«thm the ^regioft 
of perpetual vfrost. This $rorosien <of 
mature of course mcreases considerably 
tfaefeumber of habitable countries within 
the torrid.: 



• In Norway, as high n latitude 70 de****** 11 * 
thermometer has been seen to rise above 80 degrees* 
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JLtttad*. Mon g trtp—t— t JMahteTOwnw 

tint level of tlwsMU of Congelation. _ 

9 84.2 Fahr. 1 5,207 feet. 

10 62.6 14,764 

20 78.1 13,478 

30 71.1 11,484 

40 62.6 9001 

50 53.6 6334 

60 45 3818 

70 38.1 1778 

80 33.6 457 

90 32 

3. The effect of the sea is to equalise 
temperature, so that a maritime country 
is not liable to such extremes, either of 
heat or cold, as an inland one. The sea 
itself being of a very equable tempera- 
ture, the 'winds which pass over an ex- 
tent of it partake somewhat of the same 
character. When a cold wind passes 
over sea it receives part of the warmth 
of the water, the upper particles of which 
being thus rendered cooler, and conse- 
quently heavier than those below, descend 
and are succeeded by warmer particles; 
60 that there is ^continual tendency in the 
sea to temper a cold wind passing over its 
surface, A cold wind, blowing overland, 
is at first rendered warmer by the earth's 
surface ; but this surface quickly becom- 
ing cooled, ceases to have any effect upon 
the wind, which, therefore, travels on 
with undiminished rigour. Again, a 
warm wind, in passing over sea, is cooled 
by the agitation which it produces bring- 
ing up cooler water from below, as well 
.as by the constant evaporation which it 
occasions ; the surface of the water also 
cannot, as that of land, be powerfully 
heated by the sun's rays, because it af- 
fords them a free passage, and therefore 
it cannot communicate heat to the atmos- 
phere in the degree which the land does, 
from these circumstances it results, that, 
though a place situated inland, and ano- 
ther upon a coast may have the same 
mean annual temperature, the range of 
the thermometer at each will be very 
different, the summers of the latter will 
be cooler, and the winters milder than 
those of the former. It is from this 
cause that islands are so much more 
temperate than continents. It follows, 
too, that countries in our hemisphere wul 
be Tendered warmer by having have 
tracts of land to the south and sea to the 
north, and cooler when the relative posi- 
tion of these two is reversed. This !act 
is exemplified by a comparison of the 
climate of India with that of Africa north 
of the equator, the heats of the former 
country being much more supportable 
than those Of the latter. Not only the 
temperature of a wind, but also its de- 
gree of moisture, depends upon the nature 



of the surface over which it passes. A 
wind coming up from the ocean is loaded 
with vapours, but one sweeping over an 
extent of land is rendered dry and parch- 
ing. This explains to us why, in our own 
island, a south-west and an easterly wind 
are so opposite in character, 

4. The aspect of a country has an in 
fiuence upon its climate, for this reason* 
that the angle at which the sun's Tavs 
strike the ground, and consequently tne 
power of those rays in heating it, varies 
with the exposure of the sou relatively 
to that luminary. When the sun is 
elevated on the meridian 45 degrees above 
the horizon, his rays ftJlperpendtcuhrlo 
on the side of a Jbill facing the south 
at an equal angle, while the plain be- 
low receives them at an angle of 45 
degrees. Supposing the north side of 
the hill to nave a similar slope, the rays 
would run parallel to its surface; and 
their effect be very trifling, but if the 
declivity were still greater, the whole 
surface would be in the shade. This, 
though an extreme case, serves to show 
why temperature varies with the inclina- 
tion of the earth's surface. Since the 
warmest part of the day is not when the 
sim is on the meridian, but, owing to the 
accumulation of the heat, two or three 
hours afterwards, it follows that, in our 
hemisphere, a south-south-west or south- 
western aspect is the warmest, and a 
north-north-east, or north-eastern, the 
coldest, if no local circumstances exist 
to make it otherwise. The effect of as- 
*pect is, of course, most strikingly seen 
m regions covered with high mountains. 
In the Vallais in Switzerland, the Alps are 
•on one side covered with ice, while vine- 
yards and orchards flourish on the other, 
5. Mountains affect a climate in more 
ways than one. They attract the vapours 
in the atmosphere, and causing them to 
condense, give rise to those violent rain* 
which are often experienced in the neigh- 
bourhood of lofty ranges. They also 
•afford shelter from winds. In narrow 
valleys, the sides of which in summer 
strongly reflect the sun's rays, thai 
shelter sometimes renders the heat very 
injurious. One reason why the central 
•and souftern parts of European Russia 
are exposed to greater cold than the* 
latitude and inchnation southward would 
lead us to expect, is the absence of any 
chain of mountains to prdteet them from 
-the full influence uf the winds blowing 
from the White Sea and the Ural Moun- 
tains. The inhospitable climate of Si- 
beria arises from its descent towarfe 
the north exposing it to the winds df the 
D2 
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Frozen Ocean, while at the same time 
the vast mountainous chains that cross 
central Asia, intercept the southern 
winds, whose access, would tend to miti- 
gate the rigour of the atmosphere. 

6. It is evident that the nature of the 
soil must very materially operate upon 
climate. One soil acquires heat, keeps 
its acquired heat much longer, or reflects 
it more readily, than another. One, 
which from its porous character allows 
the rain descending upon it to pass 
freely into the earth, will emit much 
fewer exhalations than one which retains 
the waters near the surface. Thus 
clayey or marshy grounds lower the 
temperature, and especially in hot and 
humid climates, affect the atmosphere in 
a manner pernicious to health; on the 
other hand, those which are light, stony, 
or calcareous, tend to make the atmos- 
phere salubrious. The great cold, and 
the unwholesome air that prevail in the 
Russian governments of Astracan and 
Orenburg, lying to the north of the 
Caspian Sea, are attributed partly to the 
saline nature of the soil ; and it is well 
known that the arid tracts of sand in 
Africa and Arabia, conduce not a little to 
the excess of heat under which those coun- 
tries labour. 

7. Without cultivation, few climates 
would be healthy or agreeable. In coun- 
tries to which the labours of civilized 
man have never been extended, the ri- 
vers, spreading themselves over^ the low 
grounds, form pestilential marshes, and 
forests, thickets, and weeds are so nu- 
merous and impenetrable, as to prevent 
the earth from receiving the beneficial 
influence of the sun's rays. The air, 
from these causes, is constantly filled 
with noxious exhalations. But the 
efforts of the human race, conducted with 
skill and perseverance, produce a sur- 
prising change : marshes are drained ; 
rivers embanked ; the soil broken up by 
the plough is exposed to the sun and 
wind, and the clearing away of the forests 
raises the temperature, and allows a freer 
circulation to the atmosphere. There is 
little doubt that many parts of Europe 
enjoy a milder climate now than they did 
in the time of the Romans, or even at 
periods much more recent. Several dis- 
tricts in North America have experienced, 
as the country has become more widely 
settled, a similar improvement of climate. 
The destruction of forests may, how- 
eve J» te carried to a pernicious extent, 
either by depriving a country of shelter 
from particular winds, or (especially in 
iot climates) by lessening too much the 



quantity of moisture ; it being well known 
that there is a great evaporation from the 
leaves of vegetables. The sultry atmo- 
sphere and dreadful droughts of the Cape 
de Verde islands are owing to the destruc- 
tion of the forests ; and Greece, Italy, and 
other countries are said to have been 
deteriorated in climate from the same, 
cause. It is attributed to this also that 
the southern part of Iceland is more 
accessible than formerly to the cold which 
proceeds from the Arctic Ocean. 

8. The combined influence of the se- 
veral causes of physical climate which 
we have been considering will be variously 
modified by the prevalent tmnds of a 
country. This is obvious enough, be- 
cause we know that the character of a 
wind depends upon the quarter whence 
it comes, and the surface over which it 
passes. Great Britain, for example, 
would in a great measure lose its insular 
climate, if its prevailing winds came 
across the continent, instead of from the 
Atlantic Ocean. 

Notwithstanding the several circum- 
stances which we have thus pointed out 
as influencing climate, and which oc- 
casion numerous local irregularities, the 
temperature, with these exceptions, be- 
comes gradually lower as we pass from 
the equator towards either of the poles. 
By this is not to be understood the tem- 
perature of any particular day, or even 
season, but the mean annual tempera- 
ture, which is obtained by adding toge- 
ther the temperatures of all the months*, 

• The temperature of each month is the average 
of all the daily temperatures in the month, and the 
daily temperature is the average of several observa- 
tions made at stated periods, every hour or half hour, 
for instance, each day (24 hours). It is evident that 
such frequent observations would be very trouble- 
some, and shorter methods of discovering! the mean 
annual temperature of a place have therefore been 
sought after. Rules have been laid down for calcu- 
lating what this isunder different parallels of latitude, 
and the results no doubt approach very near to the 
truth ; but it would obviously be incorrect to apply 
these rules to any particular place, because we should 
be uncertain how the climate of that place, was 
affected by local circumstances. The best method 
is to ascertain at what period in each day flaking 
one day with another) the thermometer stands at its 
mean height for the day; and when this has been 
ascertained, one observation each day, at that period, 
will be sufficient. In this country it would appear 
that the time at which the thermometer shows the 
mean heat for the day, is about a quarter or half 
past eight in the morning. Another method of dis- 
covering the mean annual temperature at any placet, 
is to observe the height of the thermometer in cavi- 
ties at some depth below the earth's surface, it being 
found that this height nearly corresponds with the 
mean annual height in the air above. M. Lacroix, in 
his work on Physical Geography, states that in the 
caves below the Observatory at Paris, (lat 49°) 
about 85 feet below the surface, Fahrenheit's ther- 
mometer constantly stands between .52° and 54*. 
scarcely ever varying two degrees, while above, the 
difference of temperature between summer and 
winter sometimes exceeds 90°. In the salt mines at 
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and dividing the sum by the number of 
months in the year ; so that the mean 
annual temperature expresses that height 
at which the thermometer would stand 
at any place, if we could suppose it per- 
fectly stationary throughout the whole 
year. It is not sufficient, however, to take 
one year only, but a series of at least ten 
or fifteen years, from the mean result of 
which series a conclusion nearly accurate 
may be drawn. Though the temperature 
of a place is continually varying, and 
though the changes occur frequently in 
the most sudden manner, it never diners 
more than a certain number of degrees 
either way from its mean state ; and when 
it has reached either extreme, a reaction 
may shortly be expected. In the torrid 
zone any excessive accumulation of heat 
is prevented by the constant blowing of 
the trade-winds from cooler regions ; and 
in' the frigid zones the tendency to great 
extremes which arises from the continued 
presence of the sun in summer, and his 
long absence in winter, is counteracted by 
the circulation of the atmosphere, and by 
the circumstance that the fields of ice, in 
melting, absorb large quantities of heat, 
while on the other hand warmth is given 
out when the surface of the ocean is 
being frozen over. — (See chap. ix. of the 
Treatise on Heat.) 

The extremes of temperature which 
have been witnessed in different parts of 
the globe are, nevertheless, very consi- 
derable. In New South Wales, Fahren- 
heit's thermometer sometimes rises to 
1 00 degrees and upwards ; at Pekin, in 
China, it has been seen at 110°, and at 
different places in India at 1 1 0°, and even 
115°. Major Denham, in his late travels 
in Africa, observed it more than once at 
113°; and at Belbeis, in Egypt, it is said 
to have risen, under the influence of the 
hot wind from the desert, to 125°.* 
These heights are intended to express the 
degree of heat in the shade. The accuracy 
of the observations depends upon the 
circumstances under which they were 
made, since it is requisite that the ther- 
mometer should be in a situation freely 

Wielickza, in Poland (lat 50°), from the depth of 
320 to that of 745 feet, the thermometer stands at 
about 50°. At Cairo, in Egypt, (lat. 30°), at the 
bottom of Joseph's well (210 feet deep), it stands at 
70° ; in the mines of Mexico (lat. 20°), 1650 feet 
below the surface, it stands at 74f°. In these heights 
we discern how the temperature increases on ap- 
proaching the equator. 

* When the thermometer is raised to such an ex- 
traordinary height as this, it is probably the effect 
prod need by very fine particles of sand which are 
carried along by the atmosphere. Humboldt, in the 
arid plains of South America, has, during a wind of 
sand, seen it at 114$ degrees nearly; while in Fez- 
san, in the North of Africa, it has risen, doubtless 
from the cause just noticed, to 125.6 degrees. 



exposed to the outer air, and also where 
there are no surfaces immediately near 
to reflect the sun's rays. The most ex- 
treme cold experiencea is in the northern 
parts of Asia and America. In Siberia, 
as far south as the 58th degree of lati- 
tude, M. Pallas observed the freezing of 
mercury*. The same nhenomenon k by 
no means unusual at Quebec, At Hud- 
son's Bay the spirit thermometer has 
sunk to — 50°, and at Melville island, 
(N. lat. 74 1°,) where Captain Parry win- 
tered in his first north-western expedi- 
tion, it fell, on the 15th February, 1820, 
to 55 degrees below zero. 

A treatise upon isothermal * lines*, 
published some years ago by M. Hum- 
boldt, gives several curious results 
drawn from various observations upon 
temperature made by himself and others: 
A few of these it will be proper to notice 
here, because they illustrate, in a strik- 
ing manner, the fact upon which we have 
already remarked, that the climates of 
places do not depend solely upon the 
direct action of the sun. If it were so, 
all places having the same latitude 
would experience the same mean annual . 
temperature. It had long been known 
that this was not the case, especially on. 
comparing Europe with America; but 
M. Humboldt's statements will enable • 
us to form some idea of the amount of 
the difference. According to that phi- 
losopher, the isothermal line which indi-a 
cates the temperature of 32 degrees (the 
freezing point of water) passes between 
Ulea, in Lapland (lat. 66°) and Table 
Bay, on the coast of Labrador, in North 
America, lat. 54°. The isothermal line 
of 41 degrees passes near Stockholm* 
lat. 59i°, pnd St. George's Bay, New- 
foundland; lat. 48°. The line of 50 de- 
grees runs through the Netherlands, latV 
51°, and near Boston, in the United 
States, lat. 42|°; that of 59 between 
Rome and Florence, lat. 43°, and near 
Raleigh, in North Carolina, lat. 36°: 
Taking similar latitudes, the following* 
are the differences of temperature Jbe- 
tween the west of Europe and the east of 
North America : — 

Mean tem p er at ure Mean temperatnre 

in the Wett of in the East of 

Latitude. Europe. America. Difference* 

o o o o / 

30 . 70.1 . 66.8 . 3.3 

40 .63.1 . • 54.5 . 8.6 

50 . 60.8 . 37.9 . 12.9 

60 . 40 . . 24 . 16 

• This takes place when the mercury has sunk to- 
39 or 40 degrees below zero. 

f This is derived from two Greek words, and sig- 
nifies equal heat or temperature. An isothermal 
line* therefore, is a line drawn over places which 
have the same temperature {annual, unless otherwise 
expressed.) 
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From the annexed table, there appears 
to be nearly as much difference between 
the mean temperatures of the eastern 
and western parts of the old continent as 
between those of the opposite shores of 
Europe and America : — 

Mean 



l°57'w. 


54.5° 


4 40 1. 


53.4 


12 30 


4V7 


17 48 


4k9 


14 10 


63t5 


16 22 


50.5 


21 TO 


48.6 


37 31 


48.1 


30 25 


96.8 


116 2ft 


54.9 



St. Maloes . 48°39 r ir. 
Amsterdam . 52 22 
Copenhagen . 55 41 
TJpsala . . . 59 51 
Naples ... 40 50 
Vienna . . 48 11 
Warsaw . . 52 14 
Moscow . . 65 45 
St.Petersburgh 59 56 
Pekin (Cftiaa) 39 54 

M. Humboldt, after tsaeng the iso- 
thermal lines serosa America, concludes 
that, in California and thence northward 
along the western side of that continent, 
the temperature is nearly the same as in 
similar latitudes on the western side of 
Europe. " Bueope," he then observes, 
u may be considered altogether as the 
western part of a great continent, and, 
therefore, as being subject to all the h> 
fluenee which causes the western sides 
Of all continents to be warmer than the 



eastern. The same difference winch 
has been observed between the two 
shores of the Atlantic, exists between, the 
two opposite coasts of the Pacific. In 
the north of China, the extremes of the 
seasons are much more felt than in the 
same latitudes in New California, and 
at the mouth of the Columba. On 
the eastern side of North America, 
the same extremes occur as in China* 
New York has the summer of Roma 
and the winter of Copenhagen. Quebec 
has the gup*"** of r aris and the winter 
of Petersburgh. In the same man- 
ner, at Pekin, which has the mean tenv 
neratuxe of Britain* the heat of summer 
is- greater than at Cairo, and the cold 
of winter as severe as at UpssX This 
analogy between the eastern coasts of 
Asia and America sufficiently proves 
that the ine qualit y of the seasons de- 
pends upon the prolongation and en- 
largement of the continents towards the 
pole, and upon the frequency of the 
north-west winds, and not upon the 
p*ootimity of any elevated tracts of 
country." The following table illustrates 
the preceding remarks :— 



Autonm. CoMmKBT. Hottest M. tbMe month*. 




Philadelphia 3».5£ 54.86 33.9* 53.06 

Pekin . 99.54 54.86 26.42 56.30 

Nantes • . 47.13 54.68 40. 2d 54.50 

Rome . 41.53 60.44 45.86 57.74 

Paris . . 48.50 51.44 37.92 49.64 

Quebec . 46.47 4T.72 14.18 38.84 

TTpsala . . 53.51' 41.9 24.98 39,38 

The fact that places which, have the 
same annual temperature experience 
very different seasons, is clearly exhi- 
bited in this comparison. From Hum- 
bokft's inquiries, it appears that the lines 
which mark the winter temperature de- 
viate, much more from the parallels of 
latitude than those which express the 
mean annual temperature. In Europe 
the latitudes of two places which have 
ffe same annual heat, never differ more 
than 8° or 9° : but the difference of lati- 
tude in those having" the same winter 
temperature is sometimes- ne less, than 
18° or 19°. The winter of Scotland is 
as mild as that of Milan. . With respect 
to summer, the same heat takes place at 
Moscow ancLat the; mouth of the Loire, 
though the former, is nearlv- 9 degrees 
north of the latter. Ireland is remark- 
able for mild winters and odd summers ; 
the mean temperature in Hungary for 
the month of August is 71°.6, while in 
Dublin it is* no more than 60°.8. 

It is generally believed that, beyond a 



75.20 
82.58 
68.72 
75.20 
64.40 
68.00 
60.20 



56.32 
54.32 
55.58 
62.78 
51.26 
46.04 
42.80 



32.70 
24.62 
39.02 
42.08 
35.96 
12.74 
24.26 



77.00 
84.38 
70.52 
77.00 
67.46 
73.40 
61.83 



44.30 
59.76 
31.50 
34.92 
31.50 
60.66 
37.65? 



certain distance from the equator, the 
temperature of the southern is lower than 
that of the northern hemisphere. In 
speaking of the temperature of the ocean, 
we have afoeady observed that ice is 
fallen in with much sooner in sailing 
towards the south, than it is in approach* 
ing the north pole. Humboldt says, 
that near the equator,, and indeed through 
the whole of the torrid zone, the tem- 
perature of the two hemispheres appears 
to be the same; but that the difference 
begins to be felt in the Atlantic about 22° 
of latitude; the mean temperatures of 
Rio Janeiro and Havannah> places at 
about an equal distance from the equate 
(23 degrees) being in the latter instance 
76°.4, and in. the: former only 74°.5.— 
The southern enmates generally differ 
from the northern with respect to the 
distribution of temperature through the 
different parts of the year. In the south- 
ern hemisphere, under the isothermal 
lines of 45° and 50°, there are summers 
which,, in our hemisphere, belong ta tbfr 
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lines 351° and 41°. There is no accu- 
rate information as to the mean tempera- 
ture of any place beyond 50° of south 
latitude; but there is every reason to 
suppose that it differs considerably from 
that of places in the same degree of north 
latitude. 

. The same writer, in the second volume 
of his Personal Narrative, presents the- 
following comparison of the temperature 
of the air in both hemispheres. The ob- 
servations employed in drawing it up. 
neve all made at sea, except those from 
which the mean temperature for S. lat. 
34° was deduced, which were made at the. 
Cape of Good Hope* 

JlesnTemperatiuntfc 
of the Months* 




2 — 26 



34 



43 
48. 

$0 



» Sg~ } Autumn 81 . 5 

l^ 7 }™** '62.k 62 * 6 

gu > Summer ^^ 6 6 

December } 9 * mtter 44.6 

I"*? \ Summer A^ 5 ™ 

January J DUU11,Icr 43. % 16 

The coldness of the southern hemi- 
sphere has frequently been attributed 
to a circumstance quite inadequate to ex- 
plain it, namely, that of the sun being-a 
shorter time (by 7| days), jotl the south, , 
than on the north side of the equaUr,. 
A much greater influence than wevgp& 
assign to this cause, must be ascribttUfe* 
the very large proportion which themeajQ 
tpgjs/to the land of the southern! hemi- 
sphere, in consequence of which its >eti- 
xpate differs from that of the northern, m 
the same way as an insular climate 
differs from a {continental one. But 
even this is not altogether a sufficient 
explanation, and there still remains a 
circumstance that deserves attention. 
The absence from the south polar regions 
of any great extent of land, and the 
manner m which the South^American 
continent terminates, pesrmit the grand 
current of the antoetic joeean to flow 
freely all roundctlSt part of the globe* 
towards the equator. This current, 
being unchecked till it is lost in the 
westerly movement of the ocean, carries 
along with it the circumnolar ice into 
very low latitudes; and the continual 



absorption of heat by the melting of the 
ice, as it gradually advances into warmer* 
parts, keeps the air at a lower tempera* 
ture than in the northern hemisphere* 
where circumstances- are not favourable* 
to the passage of the polar ice out of the 
regions in which it is formed. Beyond' 
the limit, however, at which the ice dis- 
appears, but little effect will be produced: 
on the temperature by its melting, and 
we accordingly find that within the tor- 
rid zone, the warmth of one hemisphere* 
is the same as that of the other, and that' 
a» far as the 36th, or even 40th degrees of 
latitude, there is no important difference* 
. The question has sometimes been agi* 
fated, whether the general temperature* 
of the globe suffers any change* Some 
have gone so far as to imagine that it 
gradually diminishes* others have been. 
of opinion that it receives an angmenta 
tion. Neither of these theories has veijp 
solid foundation; it is scarcely more 
than a century since the thermometer 
was rendered a correct measure of/ heat, 
and the number of observations made 
with it in different parts of the world is 
by no means sufficient to form a basis for 
such sweeping conclusions. If we pos- 
sessed a regular series of observations 
taken in various countries, and extending 
through three or four centuries, we 
should most likely be enabled to discover 
a mean state both of temperature and 
moisture to. which the atmosphere con> 
tmually returns ; and there is no doubt 
that if we could obtain a clear insight 
into the complex machinery which re- 
gulates the seasons, we should behold 
the same beautiful harmony, and the: 
same system of compensation for tern* 
porary and apparent irregularities, which 
we are able to discern in the move- 
ments of the heavenly bodies. Indepea*. 
dent, however, of any question as to the 
general temperature, of the globe, a no 
tion has been entertained that throughout 
Europe, a more mild and genial climate 
formerly prevailed: but such historical 
evidence as can be collected tends to 
prove exactly the reverse ; and that the 
climate, as might be supposed, has* 
generally speaking, > improved with the 
advance of cultivation. A discussion of 
this subject will be found in the first arti- 
cle of the Edinburgh Review, No. LEC» 
published in June, 1818. That article* 
contains a list of the remarkable seasons 
which have taken place in Europe for 
several centuries past, and from the view 
there given we may venture to conclude* 
that severe cold is of much rarer occuj^ 
rence than it was in former agefc 
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Having thus noticed the subject of inch is said to have fallen, it implies that 

temperature, it will be proper to advert the rain which has descended on any 

to the amount of moisture which the at- given surface would have acquired that 

mosphere contains in different parts of depth, supposing none of it to have been 

the globe. In the course of this inquiry absorbed by the ground, and that it re* 

we shall not make use of the results given ceived no addition by means of water 

by the hygrometer*, because that instru- flowing from the parts adjacent to that 

ment is neither so well known, nor surface. The average yearly quantity of 

brought to such a correct standard as the rain is greatest within the tropics ; and 

thermometer, but merely give the quan- it seems, in general, to diminish, the far- 

tity of evaporation, and the depth of rain ther we recede from the equator. In the 

that has been observed to fall at several torrid zone it amounts, at a medium, to 

places upon the earth's surface. - 100 or 110 inches, while in the north 

Other things being equal, evaporation temperate zone it cannot be stated at 

is the more abundant, the greater the more than 30 or 35 inches. These quan- 

warmth of the air above that of the eva-. tities are very differently distributed 

porating body, and least of all when their throughout the year in the two zones : 

temperature is the same. Neither does the number of N rainy days towards the 

much take place whenever the atmos- equator is, in the majority of places, less 

phere is more than fifteen degrees than in the higher latitudes, and the raiii 

colder than the surface upon which it consequently descends there in the most 

acts. Winds powerfully promote eva- violent torrents: at Bombay, 16 inches 

poration, because they bring the air into have been collected in a gauge in the space 

continual, as well as into closer and of twenty-four hours. In general, much 

more violent contact with the surface more rain falls in mountainous countries 

acted upon, and also, in the case of liquids, than in plains, and in countries covered 

increase, by the agitation which they with extensive forests than in those where 

occasion, the number of points of contact wood is less abundant Annexed, is a 

between the atmosphere and the liquid, table of the annual quantities which have 

It must be familiar to every person that been observed at several places, 
the same quantity of water spread over a ' piacM. - latitude. q J2fJ5£ 

larger space, is dried up in a less period. i 8 i and of st . Domingo 19° N. 120 in. 

In the temperate zone, with a mean Ditto Grenada ... 12 112 

temperature of 52J degrees, the annual Calcutta 22| 70 to 75 

evaporation has been found to be between 5 0I ? e ** | 6 

36 and 37 inches At Cumana, on the £™ on ; ; ; ■; ; f H % Qx2/L 
coast of South America (N. lat. 10|), Liverpool .... 53$ 34 
with a mean temperature of 81.86 de- Kendal, Westmoreland 54* 60 
grees, it was ascertained to be more than St. Petersburgh . . 60 16 

100 inches in the course of the year; at Upsal 60 16 

Guadeloupe, in the West Indies, it has The average annual fall of rain at 

been observed to amount to 97 inches. Bombay in the ten years 1817 to 1826, 

The degree of evaporation very much was 78.1 inches ; of those years the most 

depends upon the difference (greater or rainy was in 1822, in the course of which' 

less) between the quantity of vapour nearly 113 inches fell: whereas in 1824, 

which the surrounding air is able to con- & season of extreme drought and famine, 

tain when saturated, and the quantity the supply did not much exceed 34 inches, 

which it actually contains. M. Hum- At Arracan, in 1825, nearly 60 inches 

boldt, from observations made in the were registered in the month of July, and 

passage across the Atlantic, found that above 43 in August ; from which we may 

in the torrid zone the quantity of vapour conclude, that the whole quantity within 

contained in the air, is much nearer to the year was at least 150 inches. It 

the point of saturation than in the tem- would seem, however, that at some places 

perate zone. The evaporation within the within the tropics the fall is much more 

tropics is, on this account, less than copious even than this. Humboldt, on 

might have been supposed from the in- the authority of others, mentions two 

crease of the temperature. instances of such excessive rain as al- 

The quantity of rain falling upon the most to induce a suspicion of the correct- 
earth at any place is determined by ob- ness of the observations. He informs us 
serving the height of the water collected that a M. Pereira Lago, by means of a 
in a pluviometer or rain-gauge. When an pluviometer, found the quantity of rain, 

•Derived from the Greek, and .ignifie. meast^ m the year 18^ at San Luis do Mar^ 

efmoittur*. _ hao, in Brazil (S. lat 2J), to be 280 J 
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inches; and also, that Captain Roussin 
relates the fact of more than 160 inches 
having fallen at Cayenne in the single 
month of February. — (See vol. vi. of the 
Translation of Humboldt's Personal 
Narrative, Note to p. 276.) — At the 
same time, these accounts appear less 
surprising when we reflect, that over 
some of the immense forests of Guyana 
there is wet weather almost the whole 
year, and that incessant rains of four or 
five months are no uncommon occurrence. 
It must not, however, be imagined that 
the climate of all hot countries is charac- 
terised by such abundant rains ; for there 
are many which, from one year to another, 
are either almost or entirely destitute of 
rain. This is the case along an extent of 
several hundred miles of the coast of 
Peru, in Egypt and many other parts of 
Africa, and also in the desert tracts of 
Arabia. At Cumana, on the North 
coast of South America, the annual 
quantity of rain is scarcely 8 inches; 
and there are other places on the shores 
of that continent where none falls for 
several years, but where, nevertheless, 
vegetation is exceedingly strong, owing 
to the humidity of the atmosphere. 

It is well known that the air becomes 
drier and less loaded with vapours, the 
higher we ascend. On looking from the 
) top of the Andes towards the Pacific 
f Ocean, a haziness is often seen, spread 
uniformly over the surface of the waters 
to the height of 9500 or 11,500 feet; 
and this, too, in a season when the at- 
mosphere, beheld from the coast and at 
sea, appears quite pure and transparent. 
1 This decrease of vapour in the upper 
regions of the atmosphere, combined 
with the rarefaction of the air, is the 
cause of the beautiful deep tint which 
the sky assumes when viewed from the 
summits of lofty mountains. Small 
white fleecy clouds are sometimes, how- 
ever, seen floating above the Andes at 
the height of 25,000 feet; from which 
we may judge, that even on the tops of 
that Tange the colour of the sky is not so 
\ pure as it would appear, if it were pos- 
' sible for an observer to attain a further 
elevation. In passing also from the tem- 
perate to the torrid zone, the azure hue 
of the sky is found to augment progres- 
sively : the transparency of climate which 
is so much admired in Italy and Greece 
is far surpassed by that which invests 
the plains of Quito and Peru, or the fer- 
tile islands of the Pacific Ocean. 

In the torrid zone, the temperature 
ranges within comparatively small limits ; 
and the various phenomena of the atmo- 



sphere occur, from one year to another, 
with a regular and uniform succession 
unknown in this part of the world. Two 
seasons, the dry and the rainy, divide 
the year. The latter depends upon the 
presence of the sun ; countries north of 
the line have their wet season when that 
luminary is in the northern half of the 
ecliptic, that is, from April to October ; 
while with southern countries it is exactly 
the reverse. We cannot fail to be struck 
with this admirable arrangement for af- 
fording shelter from the perpendicular 
rays of the sun, the unrestrained in- 
fluence of which would be quite insup- 
portable. Humboldt has given us an 
account of the atmospheric appearances 
which succeed each other in that part of 
South America lying between 4° and 10° 
of north latitude, and to the east of that 
branch of the Andes which terminates on 
the Atlantic side of the lake of Mara- 
caybo. Nothing can "surpass the clear- 
ness of the atmosphere from the month 
of December to that of January. The 
sky is then constantly without clouds; 
and if one should appear, it is sufficient 
to excite the whole attention of the inha- 
bitants. The breeze from the east and 
the east-north-east blows with violence. 
The immense plains (called Llanos), 
which in the rainy season display a 
beautiful verdure, gradually assume the 
aspect of a desert ; the grass is reduced 
to powder, the earth cracks; and the 
alligator and the large serpents remain 
buried in the dried mud till the first 
showers of the year awaken them from 
their lethargy. About the end of Febru- 
ary, and the beginning of March, the 
blue of the sky becomes less intense, the 
hygrometer indicates greater ,hunudity r 
and the stars, veiled at times by a slight 
vapour, lose the steady and planetary 
hgnt which before distinguished them. 
The breeze at this period becomes lesar 
strong and regular, and is often inter- 
rupted by dead calms. The clouda 
accumulate toward the south-south-east, 
appearing like distant mountains, with 
strongly-marked outlines ; and from time 
to time they detach themselves from the 
horizon, and traverse the vault of the 
sky with a rapidity that little corresponds 
with the feebleness of the wind below. 
At the end of March, the southern region 
of the atmosphere is illuminated by gleams 
of lightning ; and the breeze then passes 
frequently, and for several hours together, 
to the west and south-west. This is a 
certain sign of the approach of the rainy 
season, which begins at the Oroonoko 
about the end of April The sky be- 
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comes obscured, the azure disappears,, 
and a grey tint is spread uniformly over 
it;— at the same time the heat progres- 
sively increases; and soon, dense va- 
pours cover the heavens from one end 
to the other. The plaintive cry of the 
bowling monkies begins to be heard 
before the rising of the sun. The. at- 
mosphere is at length convulsed by fre- 
quent thundei^storms, the rains, descend 
in torrents, and the rivers,, rising rapidly 
above their banks* overspread the plains/ 
wife extensive inundations. 

The occurrence of these, periodical, 
rains is* capable of being explained in a. 
very simple manner*.. We have rer 
marked, that they always take place in 
that half of the torrid zone to which the 
sun isverticai at the time ; and that in 
the northern half they are preceded by 
the gradual subsidence of the north-east- 
erly breezes, which are followed by 
«ahns, interrupted frequently by stormy 
winds from, the south-east and south- 
west While the north-east breeze blows 
with all its strength, it prevents the at- 
mosphere over the equinoctial lands and 
sens north of the equator from being 
saturated with moisture. The hot and. 
moist air rises above, and the north-east 
current continually, supplies its place with 
•colder and drier strata. In this way, the 
humidity of the northern torrid zone* 
instead oibeing accumulated and forming 
-condensed, vapours, ascends, and flows 
towards the temperate, regions ; and, ac- 
cordingly, while the. north-east breeze 
retains its force,, which is when the sun. 
Is. present in thesouthem signs* the sky 
is constantly serene. In proportion, 
however, as the sun passes over the 
equator towards the tropic of Cancer, the: 
north-east breeze softens, and by degrees, 
entirely ceases, because the difference in- 
temperature between the northern tem- 
perate and the torrid, zone is then at its 1 
feast The breeze having ceased,, the 
humid air is no longer replaced by drier r 
air from the north ; and^under the power- 
fill action of a vertical sun, the vapours 
rapidly accumulate, till they at length 
-descend in. violent rains. This state of 
things continues till the sun re-enters the. 
southern signs; then is the commence- 
ment of cold in the temperate zone, and 
the current from the north sets in again, 
—-because the difference between the 
warmth of the equinoctial and that of the 
temperate regions daily increases. By* 
tins current the air of the northern torrid 
zone isrenewed; the rains cease, the va- 
pours disappear, and the sky resumes, its- 
clearness and serenity of aspect t . 



These remarks are principally intended 
to refer to the seasons in the northern 
part of South America ; but* with cer- 
tain exceptions, they may very nearly.be 
applied to those of the whole torrid zone 
—of course bearing in mind that, south 
of the equator, the rainy season is from 
October to April, and that the south-east 
corresponds to. the north-east breeze of 
northern countries. The period of com* 
menoement of the rains is net exactly the 
same everywhere ; and there are places 
where great anomalies are occasioned by 
the existence of chains, of mountains 
which attract the vapours. and alter the 
direction of. the winds. In» the West 
Indies, and also on some parts of the 
American continent, two wet seasons are* 
distinguished'; one of these, however, is 
of much shorter duration, and has much' 
lighter rains, than the other. In India,, 
the rains ace brought on by the south- 
west monsoon. 

The four seasons which we distinguish, 
in this country are known only in the 
temperate zones. Their succession, is the 
most regular and, perceptible from the- 
40th to the 60th degree of latitude; but 
in this we speak of Europe only, for both, 
in America and Asia a much shorter 
interval separates the heat of summer 
from the cold of winter. That part of the 
northern temperate zone, which lies be- 
tween the tropic of Cancer, and latitude 
36 °, has,in many places, a climate resem- 
bling that of regions within the. tropica. 
In Europe, even as high as the 40th de- 
gree, the frost in the plains is neither 
intense nor long-continued ; the trees are 
not stripped of their foliage above two 
months in the year, and although snow 
sometimes falls at the level of the sea, 
even in the a7th degree, (at Malaga, for 
example), it is an occurrence very un- 
usual 

. From the 60th degree of latitude to 
the pole, only two seasons take place* 
A severe and protracted winter is suc- 
ceeded immediately by the warmth of 
summer. The rays of the sun, notwith- 
standing the obliquity of their direction, 
produce powerful effects, because the 
great length of the days is favourable to 
the accumulation of heat Even in very 
high latitudes, the tar on the ships sides 
is* sometimes melted and made to run 
down by the sun's action. In the north 
of Europe the snow is generally dissolved 
in three or four days> and the flowers 
almost immediately begin to blow. The 
breaMng up of the thick field of ice which 
is annually spread over the surface of the 
arctic ocean, commences in the month 
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of June, and at this season dense fogs, 
are very common, owing to the surface 
of the water being colder than the air 
lying over it These at length disperse, 
and a short interval of fine weather en- 
sues ; but, before the close of August, 
the approaches of winter are perceived ;. 
snow falls ; and, as the temperature of 
the atmosphere declines more rapidly 
than that of the sea, fogs* called the frost- 
smoke, again arise, which disappear only 
when the iee has begun to extend itself 
over the clear spaces of the ocean. It 
is worthy of remark that* even in the 
circumpolar regions, the west of Europe 
still maintains its suoebeitty of tempera- 
ture over the east <rf North America ; £01 
the sea off Neath Cage iaNerway, though 
in the 72d degree of latitude, is always 
open, whereas several degrees further* 
south, off the shores of America, it is 
annually frozen over. 



On the Distribution of Vegetable 
Vegetation of the different Zones — 
Primitive centres of Vegetation. 

The subject of physical climate is in 
itself highly interesting'; but it becomes 
still more so when we extend our view, 
and consider its effects upon the nume- 
rous, animal and vegetable tribes which 
are dispersed over the earth. This dis- 
persion has not been the result oi a blind 
and unmeaning chance ; the same wis* 
dom- which called them into such beauti- 
ful, and various existence, has fixed laws 
Ifar their distribution over the surface of 
the globe. To these laws (without enter- 
ing into details which belong to botany 
and zoology) we shall now direct our 
attention. 

The wide extension of vegetable life 
furnishes one of the most striking exam- 
ples of the productive power of nature* 
Every climate, as we pass from the eqxuu 
tor to the pole, or from the plains just 
raised above the level of the ocean to the 
summits which are covered with eternal 
-snow, has its peculiar vegetation. Coun- 
tries, the most inhospitable and locked 
up in frost nearly all the year, are not 
entirely destitute of it On Mekille 
Island (N. lat 75% where the duration 
of winter is nine or ten months, and the 
mean annual temperature only two de- 
grees above zero, there are places which 
produce, in abundance, moss* lichen, 
grass, saxifrage, poppy, the dwarf willow, 
and the sorrel which is so valuable for 
its antiscorbutic qualities : the expedition 
under Captain Parry observed, in a shel- 
tered spot of this island, a ranunculus in 
full flower in the second week of June, 



It is. thought that even perpetual snow 
may be the abode of a species of vegeta- 
tion ; for Saussure discovered in it a red- 
dish dust, and a red colouring matter has 
frequently been observed in snow by; 
navigators in the aretie regions 4 ". 

The absence of light does not altoge- 
ther prevent vegetable existence ; caverns 
and mines produce certain plants, prin- 
cipally those of the cryptogamous class. 
In the cave of Caripe, situated to the 
south-east of Csmana hi South America* 
the seeds, which are carried in by the 
nocturnal birds called Guaehasoes, spring 
up at the distance of several hundred, 
yards from the mouth of the grotto* 
wherever they can find mould to fix hv 
Blanched stalks, with some half-formed 
leaves* riafc to the height of more than two- 
feet; but M. Humboldt, who observed 
them, could not ascertain the species at 
these plants, their form and colour being: 
se much changed by the absence of light. 
Vast fields of marine plants spring from, 
thedeoths of the ocean, especially towards 
and wimin the tropics ; the vme4eaved 
fucus vegetates at the depth of 200 feet, 
and, notwithstanding, has leaves as green 
as those of grass. In the Atlantic, be- 
tween the 23d and the 35th degrees of 
latitude, and in the 29th and 30th of lon- 
gitude, the met float on the surface in> 
such, numbers as to give the appearance 
of an immense inundated meadow. It is 
supposed, by many botanists, that they 
grow at the bottom of the sea, and float 
omy in their ripened state, when torn off 
by the motion of the waves or otherwise. 

Extreme heat is not destructive of w- 
getation, 'provided that it be accompanied 
by humidity. Plants grow, not only on 
the borders of hot springs, but even in 
the midst of waters which we should have 
supposed to be quite unsuited to their 

• Captain Parry, in his Narrative of the attempt 
nade in the year 18S7 to react the North Pole, men- 
tions gome striking exam ples of thie appearance.— 
" In the course of this day's journey, we met with a 
quantity of snow, tinged, to the depth of several 
raobes, with some red colouring matter. This cir- 
cumstance recalled to oar recollection our having 
frequently before, in the course of Oris journey, re- 
marked that the loaded sledges, in passins; over harm 
snow, left upsn it a light rose-coloueed tint, which, 
at the time, we attributed to the colouring matter be- 
ing pressed out of the birch of which they were made* 
To-day, however, we observed that the runners of 
the boats, and even our own footsteps, exhibited the> 
sameCappearance ; and on watching it more narrowlr 
afterwards, we found the same effect to be produced, 
in a greater or lessderree, by heavy pressure, on al- 
most all the ice over which we passed, though a mag- 
nifying glass could detect nothing to give it thistinge. 
The colour of the red snow, winch, occurred -only ia' 
two or three spots, appeared somewhat different from 
this, being rather of a salmon than a rose-colour, bat 
both w*re so striking as to be the sabjeet of constant 
remark." This colouring substance has gener ally 
been thought to belong to the order Alga* _ . 
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existence. Examples of this sort occur 
in Iceland and many other countries. 
Even sulphureous exhalations are not 
fatal to vegetation: it is reported that the 
interior of the crater of Vesuvius, after a 
long period of repose, was in 1 6 1 1 covered 
with shrubs. The greatest obstacle to it 
is the absence of moisture ; those sandy- 
tracts where rain seldom or never falls, 
and where the soil is constantly being 
shifted by the winds, exhibit a hopeless 
sterility. The verdure of the oases, or 
islands of vegetation, scattered over some 
parts of the African desert, is maintained 
by springs which rise up to the surface 
of the ground. The chemical nature of 
the soil influences the size and vigour of 
plants rather than sets limits to their 
cultivation. Common salt, however, dis- 
solved, and scattered over the earth in 
large quantities, almost entirely prevents 
then- growth. The fusion which lava un- 
dergoes is probably the reason why the 
pogress of vegetation on its surface is so 
long retarded ; whereas, from the ashes 
thrown out by volcanoes, the most abun- 
dant crops are raised. 

The scale of atmospherical heat is that 
which ordinarily determines the charac- 
ter and progress of vegetation. Hence, 
under the fierce climate of the torrid zone, 
we need only ascend lofty mountains, to 
a certain height, in order to behold the 
trees, fruits, and flowers of the temperate 
zone ; while still higher are found those 
of the frigid zone. The low vallies of the 
Andes, towards the equator, are adorned 
with bananas and palm-trees, while the 
elevated parts of the chain produce oaks, 
firs, and several other tribes common to 
the north of Europe. Near the equator, 
the oak grows at an elevation of 9200 
feet above the sea, and never descends 
lower than one of 5500 feet ; but, in the 
latitude of Mexico, it is seen as low as 
2600 feet From the height of about 
15,000 feet, to the boundary of perpetual 
congelation, lichens are the only plants 
visible. Similar gradations, on a smaller 
scale, are observed among the Alps ; on 
ascending which, chesnuts, beeches, oaks, 
and pines occur in succession, the last 
gradually becoming stunted till they dis- 
appear not far from the border of perpe- 
tual snow. The vegetation which covers 
the sides of mountains may be divided 
into distinct zones or bands, each zone 
containing its peculiar tribes. On the 
volcano of Teneriffe, one of the Canary 
Islands (N. lat 28^, as many as five of 
these zones are distinguished* : — (1) the 

• Humboldt's Personal Narratire, rol.4. 



region of vines; (2) of laurels ; (3) of 
pines; (4) of the refama (an alpine 
broom) ; and (5) the region of grasses: 
These 'zones are arranged in stages, one 
above another, and occupy, on the decli- 
vity of the Peak, a perpendicular height 
of 11,200 feet 

In the equinoctial region where, in 
respect of warmth, the seasons differ lit- 
tle from each other, the geographical 
distribution of plants is regulated almost - 
entirely by the mean temperature of the 
whole year ; but in the temperate zone 
this distribution depends not so much 
upon the* mean temperature of the yeair 
as upon that of the summer season. Ir* 
Lapland, there are fine forests on the 
continent at Enontekies, where the mean 
annual temperature is only 27 degrees, 
while on the island of Mageroe, where 
it is more than 32 degrees, only a fevr 
scanty shrubs are to be seen. The more 
vigorous vegetation of Enontekies is the 
effect of a warmer summer ; the mean 
temperature of July being there 59J°; 
whereas, at the isle of Mageroe, it is 
only 46$°. ' Some plants in summer re- 
quire a certain degree of warmth only 
for a short period ; for others, a more 
moderate warmth is sufficient, if it be of 
longer duration. The birch and the pine 
afford an example of this difference. The 
former tree does not put forth its leaves 
till the temperature has risen to about 53 
or 54 degrees ; and in all places where 
the mean summer heat falls short of this, 
the birch cannot flourish, however great 
maybe the mildness of the winters. Such 
is the case on the island just mentioned, 
and in other parts of Lapland. The 
pine, on the contrary, requires a long* 
rather than a warm summer. In the 
interior of Lapland, where the summer, 
though short, is warm, the birch rises 
much nearer the line of perpetual con- 
gelation than the pine; but in the 
Alps and other high chains in lower 
latitudes, where the summer is of 
longer continuance but colder, the pine 
is seen after the birch has entirely 
disappeared. 

The frigid zone contains but few spe- 
cies of plants, yet of these the vegetation 
in summer is extremely rapid. The ver- 
dure of those countries, which lie within 
the polar circle, is confined chiefly to the 
hills having a southern aspect, and the 
trees are of very diminutive growth. Be- 
sides mosses and lichens, there exist ferns, 
creeping plants, and some shrubs yielding 
berries of an agreeable flavour. The arctic 
regions of Europe are peculiarly favoured ; 
for, in certain parts of Lapland, there are 
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fine forests, and even rye and leguminous 
plants are produced. 

In the high latitudes of the northern 
temperate zone are the pine and the 
.fir, which show their adaptation to a 
-cold climate by retaining their [verdure 
in the midst of the rigours of winter. To 
these, on advancing southward, succeed 
the oak, the elm, the beech, the lime, and 
other forest trees. Several fruit trees, 
among which are the apple, the pear, the 
■cherry, and the plum, grow better in the 
northern half of this zone ; while to its 
most southern part especially belong the 
more delicate fruits, such as the olive, the 
lemon, the orange, and the fig; and, 
amongst trees, the cedar, the cypress, 
and the cork. 

The space, comprised between the 30th 
and the 50th parallels of latitude, may 
be considered as the country of the vine 
and the mulberry. Wheat extends as 
iar north as the 60th degree ; oats and 
barley a few degrees further. In the 
southern part of this zone, maize and 
rice are more commonly cultivated. 

The vegetation of the torrid zone is 
characterised by a wealth, a variety, and 
a magnificence, which are nowhere to be 
found in the other regions of the globe. 
Under the beams of a tropical sun, the 
most juicy fruits and the most powerful 
aromatics arrive at perfection; and innu- 
merable productions supply the wants 
and administer to the luxuries of man. 
There the grounds yield the sugar-cane, 
the coffee-tree, the palm, the bread-tree, 
the pisang, the immense baobab, the date, 
the cocoa, the vanilla, the cinnamon, the 
nutmeg, the pepper, the camphor tree, &c. 
&c. In South America, is the remarka- 
ble tree called the cow-tree, which, when 
incisions are made in its trunk, yields 
abundance of a glutinous and nourishing 
milk 41 . There are also various sorts of 
dyewood, and several species of corn pe- 
culiar to hot climates ; while this zone is 
not destitute (in its elevated tracts) of 
every kind which grows in the plains of 
temperate countries. 

* • Humboldt, in the 4th vol. of his Personal Narra- 
tive, has given an account of this tree. The fecundity 
of nature in the torrid zone strikingly appears, when 
we consider the circumstances under which this vege- 
table milk is produced. »* On the barren flank of a 
xock grows a tree with coriaceous and dry leaves. Jts 
large woody roots can scarcely penetrate into the 
-stone. For several months of the year, not a single 
shower moistens its foliage. Its branches appear 
dead and dried; but when the trunk is pierced, there 
flows from it a sweet and nourishing milk. It is at 
the rising of the sun that this vegetable fountain is 
most abundant. The Blacks and natives are then 
seen hastening from all quarters, furnished with large 
bowls to receive the milk, which grows yellow, and 
thickens at it* 8urface. w -.PerwjioriVarnrtiee,vol.iT. 
pp. S16 and 317. 



Under the equator, the climate best 
suited for the culture of all kinds of Eu- 
ropean grain lies between the altitudes 
of 6000 and 9000 feet above the level of 
the ocean. Wheat will seldom form an 
ear below the elevation of 4500 feet, or 
ripen above that of 1 0,800. With respect, 
however, to the lowest height at which 
corn can be raised between the tropics, 
there are great irregularities, which tend 
to prove that the augmentation of heat is 
not prejudicial to its cultivation, unless 
attended with an excess either of drought 
or of moisture. In the environs of Xa 
Victoria, a town of Venezuela (lat. 10±o 
N.), fields of corn are seen mingled with 
plantations of sugar-canes, coffee, and 
plantains, at the height of not more than 
from 1700 to 1900 feet above the sea. 
The district of Quatro Villas, in the in- 
terior of the island of Cuba, furnishes a 
still more remarkable example; there, 
fine harvests^are raised almost at the level 
of the ocean. In nearly the same latitudes, 
on the other side of the Mexican Gulf, 
the fine fields of wheat are generally be- 
tween 3800 and 7700 feet of elevation; 
while on the slope of the mountains of 
Mexico and Xalapa, vegetation, even at 
the height of 4320 feet, is so luxuriant, 
that wheat does not form ears. It is 
erroneous to suppose that grain degene- 
rates in advancing towards the equator, 
or that the harvests are more abundant 
in northern climates. On the contrary, 
it has been found that nowhere to the 
north of the 45th parallel of latitude is 
the produce of wheat so considerable, as 
it is on the northern coasts of Africa, and 
in America, on the table-lands of New 
Grenada, Peru, and Mexico*. Near the 
town of la Victoria above-mentioned, the 
average produce is three or four times as 
great as that of northern countries. It is 
equally large at Buenos Ayres in the 35th 
degree of south latitude. 
, The vegetable forms, near the equator 
are in general more majestic and impos- 
ing, and the varnish of the leaves is more 
brilliant. The largest trees are adorned 
with flowers larger, more beautiful, arid 
more odoriferous than those of herbaceous 
plants in our zone. It is scarcely possible 
for an inhabitant of temperate regions to 
picture to himself the beauty and the 
grandeur of the vast forests of equinoctial 
America. Trees which attain a stupen- 
dous height and size are covered with 

• The mean temperature for three months of snm- 
mer is, in the north of Europe, from 59° to 66° ; in 
Barbary and in Egypt, from 804° to 84° ; and within 
the tropics, atbetween 8990 and 3840 feet of height, 
from 57^ to 78°. 
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wofuflion bfclimbmgplaiits, and the same 
Hanas as creep on the surface of the earth 
reach the tops of the trees, and pass from 
one to another at the height of more than 
<a hundred feet. By this continual inter- 
lacing of parasite plants, the botanist, is 
often led to confound the flowers, the 
fruits, and leaves which belong to differ- 
ent species. M. Humboldt gives the foAr 
lowing staikmgdescriptionof the woods on 
the banks of the Cassiquiare, on approach- 
ing the point where that river branches off 
from the Oroonoko. "Theluxuriousness 
of the vegetation increases in a manner of 
"which it is difficult, even for those who 
are accustomed to the aspect of the forests 
between the tropics, to form an idea. 
There is no longer a beach : a palisade of 
.tufted trees forms the bank of the river. 
"You see a canal 200 toises (426 yards) 
broad, bordered by two enormous walls, 
clothed with Hanas and foliage. We 
often tried to land, but without being able 
to step Out of the boat Toward sunset 
we sailed along the bank for an hour, to 
discover, not an opening (since none 
exists), but a spot less wooded, where our 
Indians, by means of the hatchet and 
manual labour, could gain space enough 
for a resting-place for 12 or IS persons." 
A large proportion of the trees of these 
majestic forests are more than 100 feet 
in height ; while some, especially of the 
palms, have an elevation of 150 to 200 
feet*. Various instances are recorded of 
the enormous growth of trees in tropical 
climates. Humboldt measured on the 
banks of the Atabapo, a bombax ceiba 
more than 120 feet hi^h, and 15 feet in 
diameter. Near the village of Turmero, 
which lies to the south-west of the city 
of Caraccas, is the famous Zamang del 
Guayre, a species of mimosa, known 
throughout me province for the great 
extent of its branches, which form a 
hemispherical head more than 600 feet 
in circumference. The height of its 
trunk is about 63 feet, and its thickness 
between nine and ten. The branches 
extend like an immense umbrella, and 
bend towards the ground, from which 
they remain at an uniform distance of 12 
or 15 feet. The circumference of this 
head is so regular, that M. Humboldt 
traced different diameters, and found 
them 204 and 198 feet in length. The 
dragon-tree (dracama) at Oratava,in the 

•r , "> • .... .... 

. •' Such is the force of vegetation exhibited by Ame- 
rican plants in every zone, that in the latitude ©f §7° 
N., on the same isothermal line with St. Peterabmgh 
and the Orkney Islands, the Canadian Pine (Ftouu 
Canadensis) displays trnnks above 150 feethjffh, and 
more Chan six feet in diameter. 



island of Tenerrflfe, is another specimen 
of enormous growth. Its trunk is about 
50 or 60 feet high, and its girth near the 
loots almost 48 feet Its average girth 
is stated by M. de Borda to be 3* feet, 
9 or 10 inches. The baobabs are of still 
greater dimensions than the above. At 
Senegal, and in the islands of Cape 
Verd, some were remarked which had a 
circumference of from 56 to 60 feet, and 
in another part of Africa one was seen 
whose diameter was 34 feet (more than 
100 in circumference.) 

The distribution of plants cannot be 
explained solely by the influence of 
climate or by the distribution of tempe- 
rature ; for it frequently happens that 
similar climates are found in different 
parts of the globe without identity of 
productions. The climate of the high 
mountains of the torrid zone is analogous 
to that of our temperate zone; yetHura- 
hotdt dtd not discover one indigenous 
rose-tree in all South America, and it 
also appears that this shrub is entirely 
wanting in the southern hemisphere* 
The genus erica (heath) is quite pecu- 
liar to the Old World ; of the 137 species 
known, not one is to be met with in 
.the new continent They seem to be 
very rare even in Asia. On the other 
hand, the cactus (Indian %) is con- 
fined to the New World Itistruethat 
a similarity exists in respect to their ve- 
getation between very distant countries,, 
where the physical circumstances are 
alike ; but in some instances it is only 
a general resemblance of the vegetable 
forms. In many cases the same genera 
recur; but there are comparatively few 
examples in which identical species have 
been recognized in countries for remote 
from each other*. Species of pine, 
beech, elm, &c., are found in Ame- 
rica, differing, however, from the Asiatic 
and European species. "The lofty 
mountains of equinoctial America (says 
M. Humboldt) have certainly plantains, 
valerians, arenarias, ranunculuses, med- 
lars, oaks, and pines, which from then- 
physiognomy we might confound with 
those of Europe ; but they are all spe- 
dficaliy different" The Antarctic birch 
(betula Antarctica) of Tierra del Fuego 
corresponds to, but does not exactly re- 
semble the dwarf birch (betula nana) of 
Northern Europe. 

According to Humboldt, "the species 
of plants at present known amount to 
44,000. Of these, 6000 are aryptega- 

* For an explanation of the terms ^«utf and «j*ci«*r 
see page 09. 
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vmou**. The remaining SB.QW phanero- 
sgamousf plants are thus, distributed : — 

In Europe 7000 

Temperate regions of Asia . 1500 
Asia, within the tropics and islands 4500 
In Africa . . . _ . . 3000 
Both the temperate regions of Ame- 
rica 4000 

In America, between the tropics 13,000 
£few Holland, and the islands of the 

Pacific 5000 

He also states the proportions of plants 
•Which grow in latitudes 0°,45°, and 68°, 
to be as the numbers 12, 4, and 1. The 
mean annual temperatures in these lati- 
tudes are respectively 8l£°, 55|°, and 
•32| , and the mean summer temperatures 
8**°, 70°, and 53±°. Within the tropics, 
. the monocotyledomusX plants are to 
the dicotyledonous^, as 1 to 6; between 
the latitudes 36° and 52°, as 1 to 4 ; and 
at the polar circle as 1 to 2. The annual 
monoeotyledonous and dicotyledonous 
.plants in the temperate zone amount to 
one-sixth of the whole phanerogamous 
;class ; in the torrid zone they scarcely 
form one-twentieth, and in Lapland one- 
thirtieth part. A circumstance worthy of 
- remark is the extreme rarity of the so- 
cial plants between the tropics, that is, 
of those plants which, like the heath of 
Europe, live together and cover large 
tracts of knd|[. In the torrid zone, they 
are found only on the sea -shore and 
upon elevated plains. 

Among the vegetable forms there are 
some which become more common from 
the equator towards the poles, as the 
ferns, the heaths, and the rhododendrons ; 
others, on the contrary, increase from the 
poles to the equator, among these are 
the rubicccete^, the euphorbia, and the 
leguminous plants ; while others, such 
as the mscijer&**, the vmbettiferarft, 
&c., attain theb*,moBdmnrn in tie tem- 
perate zone, and dimmish towards the 
/equator and the poles. The vegetable 
forms present (under the same isother- 
mal itnas) such constant relations, that 

l • Having neither blossoms nor visible fructification. 

4 Having visible organs of fructification. 
I } Having oaly oaecotyledon. e*a#«i-fe»e. 
3 Having two t§td /cost. 

t Through Jutland, Holstein, Hanover, "West- 
phalia, «ad Holland, alee* nham-of *MHs may he 
traced, entirely covered with eomeaon heath, and the 
erica tttrali*. Very little success has attended the 
efforts made by the farmers t o oppose * the inroads of 
•these plants. 

«J Xtae of Jusstea's.Bataval osden of plants, -ao 
. named from tubia /madder). 

*•• Anordepof plants, scanned from their petals, 
Jow in«ambet, brag disposed m the form efa emu. 
tt Having an nwtbellavrwnbsl. This teim is used 
"to designate a particular made of flow e ring, -which 
•mmsists ;of -sewal flawer-stalks, *r rays, tneaxiy 
r eqaaloa length, apceadiag from a. eommon point %r 
— *— The ng were of the hemlock and, parsley^are 



when upon any point of the globe we 
know the number of species belonging 
to one of the great families, both the 
whole number of phanerogamous plants, 
and the number of species composing 
the other vegetable families, may be 
estimated with considerable accuracy. 

It has been a question discussed 
among philosophers, in what way the 
various vegetable tribes were originally 
diffused over the surface of the earth. 
Three different hypotheses have been 
maintained upon this subject. The first 
supposes that there was only one primi- 
tive centre of vegetation; all species of 
plants having had their existence on 
ginaUy confined to one tract of the earth, 
whence they were gradually dispersed 
over all countries. 

This hypothesis was adopted by the 
celebrated Linnaeus. He imagined the 
habitable world to have been at the com- 
mencement limited to one spot, in which 
were collected the originals of ail the spe- 
cies of plants, together with the first pa- 
rents of all animals and of the hum an race* 
As such various natures would require a 
diversity of climates for their support, he 
supposed this tract to have been situated 
in a warm region, and to have contained 
•a lofty mountain range, between the base 
and the summit of which were to be 
found all temperatures and climates, 
from the temperature and climate of the 
torrid to those of the frigid zone. Lin- 
naeus endeavoured to support this hypo- 
thesis by referring to the means which 
are provided for the multiplication and 
dispersion of plants. Winds, rivers, and 
marine currents, are all, more or less, in- 
strumental in the conveyance of seeds 
from one country to another. The former 
oarry the lighter kinds of seeds to im- 
mense distances, and the two latter some- 
times transport others from the most 
•remote parts. The naturalist just men- 
tioned remarks that the Erigeron Cana- 
iense was first introduced mto the gar- 
dens near Paris from Canada ; the seeds- 
being scattered by the wind, mis plant 
TOas, in the course of a century, spread 
over all France, Italy, Sicily, Belgium, 
iand Germany. The migration 6f plants 
*by means of currents is also well ascer- 
tained, and many instances of it are re- 
corded. On the shores of the Hebrides 
are collected at times the seeds of the 
-mimosa scandms, dolichas wrens, and 
several other plants of Jamaica, the isle 
of Cuba, and tne neighbouring continent* 
These are not the wy methods m which 
the dispersion of species is effected : it 
is also known that some seeds (as the 
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misseltoe and juniper) are capable of 
preserving their vitality in the stomachs 
of birds, and are thus propagated. 
Lastly, man has introduced various 
plants into countries where they pre- 
viously had no existence. 

The second hypothesis is, that each 
species of plants originated in and was 
diffused from a single primitive centre ; 
but that there were several of these cen- 
tres situated in different parts of the 
globe, each centre the seat of a particu- 
lar number of species. The third and 
last hypothesis is, that wherever a suit- 
able soil and climate existed, there the 
vegetable tribes sprang up ; and that 
plants of the same species were, from 
the first, spread over different regions. 

We proceed to relate some facts which 
have been observed, and which will 
enable us to form some opinion as to 
• which of the three preceding hypotheses 
has the best foundation. The greater 
number of these facts are taken from the 
-opening part of Dr. James Prichard's 
work, entitled " Researches into the 
Physical History of Mankind," where 
they are brought forward in a similar 
rdiscussiontothe present. 

Those plants whose structure is the 
most simple are found to be very gener 
•rally diffused. Among the cryptoga- 
mous tribes, (such as mosses, lichens, 
-&c.,) which form the lowest order of the 
vegetable creation, the same species are 
- often met with in the most distant re- 
gions*. Two-thirds of the lichens ob- 
served in Australia, are also natives of 
Europe ; and of the ferns of New Hol- 
land; which constitute rather more than 
100 species, twenty-eight have been dis- 
covered in other countries. Many of the 
monocotyledonous tribes are also widely 
spread. Several grasses are common to 
Europe and Australia. In South Ame- 
rica too, not only the mosses, but like- 
wise several grasses, are the same as 
European species. It is not so, how- 
-ever, when we view the distribution of 
the more perfect, or of the dicotyledo- 
nous plants, there being a very small 
, number of such, which are common to 
: countries distant from each other. With 
respect to the dicotyledonous tribes, 
Humboldt has maintained that all the 

m *, To explain the extensive diffusion of these spe- 
cies, Linnaeus supposed that their seeds, being; invi- 
sible particles, might be carried to incalculable dis- 
. tances by the winds. It may, however, be re- 
' marked, that in the less perfect tribes of plants, the 
specific distinctions, not being so strongly marked as 
in the more complex forms, may escape detection ; 
and thus two plants found in distant places may be 
set down as of the same species, when there is really 
some minute difference between them. 



indigenous kinds in those parts of Ame- 
rica visited by him are peculiar to that 
continent, and that the only exceptions 
to this rule are plants of the sea-coasts, 
the migration of which is easily to be 
explained. The observations of Mr. 
Brown on the botany of Terra Australis 
(Southern Land) tend nearly to the 
same point. Of the plants already 
known m that country, 400 species are 
• cryptogamous, 860 monocotyledonous, 
and 2900 dicotyledonous. Of the 400 
cryptogamous, more than 120, that is 
nearly one-third part, are also indige- 
nous in Europe. Of the 860 monocoty- 
ledonous, only 30, or about one twenty- 
ninth part, have been found in Europe, 
and more than half of these are grasses 
and cyperoid8. But of the 2900 dicoty- 
ledonous species, only 15, or about the 
one hundred and ninety-third part, are 
the same in Australia as in Europe. 
Results no less striking have been ob- 
tained on comparing the vegetation of 
other southern countries with that of 
Europe and the northern regions. 
Though the proportion of European 
plants in Australia is so small, it appears 
to be greater than that which is observed 
in the south of Africa. The proportion 
of European species in South America 
is probably still less than it is in South- 
ern Africa. 

Prom the preceding remarks, it is to 
be gathered, that the most simply orga- 
nized tribes of plants are very widely 
dispersed ; that plants of the more per- 
fect or more complex forms are, on the 
contrary, limited to particular countries ; 
and that the monocotyledonous, which 
may be considered as tribes of an inter- 
mediate class, are neither so extensively 
spread as the former, nor confined within 
such narrow limits as the latter. 

Some exceptions to this general rule 
have lately been. brought to light by the 
botanical discoveries made during the 
expedition to the river Zaire on the west 
coast of Africa (about 6° S. lat.) Prom 
Mr. Brown's observations upon up- 
wards of 600 plants collected in the 
neighbourhood of that river, it appears 
that about one-twelfth of the collection 
consists of species, which are also met 
with either m India, or on the opposite 
shores of Guyana and Brazil ; and it is 
a curious fact, that in this number the 
more perfect plants are in the greatest 
proportion. This apparent anomaly is 
probably to be explained by the transpor- 
tation of seeds from one shore to another 
by means of currents in the inter-tropical 
seas. Mr. Brown remarked that most of 
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those plants in the African collection 
which are also natives of other countries, 
were seen only on the lower parts of the 
river Zaire, where they bear but a small 
proportion to the whole vegetation ; and 
that most of the dicotyledonous species 
are such as produce seeds capable of re- 
taining the germ of life during a long 
immersion in the waters of the ocean. 

It will be proper in this nlace to men- 
tion the phenomena belonging to the ve- 
getation of islands. In small islands the 
most remote from continents the species 
d plants are very few, and sometimes 
quite peculiar. Thus in Kerguelen's 
land, or the island of Desolation, when 
visited by Captain Cook, the whole flora 
was found to contain only 16 or 18 
plants, all of which were considered to 
be peculiar to the island. Not a shrub 
was seen in the whole country. The 
flora of islands, as far as it is not pecu- 
liar to them, generally consists of the 
same species which grow on the nearest 
main lands. The different groups 
seated in the great Southern Ocean 
which lies between America and East- 
ern Asia serve as an example ; the 
easternmost islands contain more plants 
of American families or species, and the 
western, of those tribes peculiar to India- 
Islands placed in the neighbourhood of 
two continents comprise the vegetation 
of both. Malta and Sicily have plants 
which belong to Europe, and others of an 
African stock. The vegetation of the 
Cape de Verd islands is intermediate 
between the flora of the Canary isles and 
that of the African coast. 

The. facts which have been introduced 
in the course of this inquiry forbid us to 
adopt the hypothesis of Linnaeus, which 
considers all plants to have originated 
from one common centre. The propa- 
gation of. the several tribes of plants has 
certainly taken place from a number of 
different points ; since, of various parts 
of the world, separated by vast distances, 
each possesses a vegetable kingdom in a 
great measure peculiar to itself. The 
third hypothesis to which we alluded is 
equally untenable ; since it is seen that 
plants are confined to particular tracts, 
till their seeds are conveyed elsewhere. 
Numerous instances have occurred in 
which plants by transportation have ac- 
quired a new country, and there become 
abundant; a striking example of this 
kind is the dispersion of the Erigeron 
Canadense over Europe, which we have 
already related. This shows that in the 
first instance plants of the same species 
were not produced in all regions possess- 



ing a soil and climate suitable for their 
growth. We have also seen that, when 
the same species are observed to exist in 
countries widely separated, the circum- 
stances generally are such as authorise 
us to infer that they were dispersed from 
one point. The only hypothesis which 
remains, and which is reconcileable with 
all the phenomena observed, is, that the 
vegetable creation was originally di- 
vided into different provinces, and that 
each country (probably each principal 
range of mountains) had its peculiar 
tribes which, at first, existed nowhere 
else. This conclusion is strengthened by 
the circumstance of particular plants 
having an entirely local and insulated 
existence, growing naturally on some par- 
ticular mountain, and nowhere else. The 
cedar of Lebanon is one among several 
examples of plants of this description. 
Such instances alone might be deemed 
conclusive in favour of the hypothesis for 
which we have been arguing. 
On the distribution of Animals — their 

original dispersion from distinct 

centres. 
In the ascent from the vegetable to the 
animal world, and from one rank of ani- 
mal existence to another, the most admi- , 
rable order is manifest. We are not sur- - 
prised by sudden steps or encountered by . 
violent contrasts ; an evident connection , 
pervades the whole ; and though there is . 
a vast diversity when we compare the 
meanest specimen of organic life with its 
most perfect and majestic forms, yet 
between the two an harmonious chain 
may be traced, and we pass from one 
extreme to the other by a regular and 
scarcely perceptible gradation. 

The lowest class is that of the zoo- . 
phytes (plant animals), which raise up 
the coral islands spoken of in a former . 
part of this treatise. , They may be re- . 
garded as confused masses of beings, . 
none of them endued with a separate . 
life. Nevertheless, there is reason to 
believe, from the observations of MM. 
Peron and Lesueur, that each description 
of zoonhyte has its place of residence 
determined by the temperature requisite 
for its support. The molluscce, whether 
naked or covered with shells (testaceous)*, . 
possess each an individual existence, and 
of these it is unquestionable that differ- . 
ent species belong to different countries. , 
The pearl oyster arrives at perfection 
only in the equatorial seas. 

* The term testaceous is in strictness applied only 
to such fish as have string, thick, and entire shells ; 
those which hare shells, soft, thin, and consisting of 
several pieces joined together, as the lobster, &e., 
being called crvstaceous. 
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Insects are the next in the scale of 
animal existence. In the midst of the 
exuberant vegetation of the torrid zone, 
the largest and the most splendid of 
these tribes are to be seen ; the butter- 
flies of Africa, of the East Indies, and of 
America, are adorned with the most 
brilliant colours; and in the tropical 
forests, especially those of South Ame- 
rica, millions of shining flies present at 
night almost the appearance of an ex- 
tensive conflagration. In these coun- 
tries some races of insects exist in such 
multitudes, and are armed with such de- 
structive or venomous qualities, as, to 
enable them to lay waste the fruits 
of the earth through large tracts of 
country, or to become a source of the 
most serious personal annoyance and 
discomfort to man. The white aat* 
(termites) raise lofty hillocks ; and where 
they much abound, have been known to 
excavate the soil to such a degree, as to 
endanger the safety of houses which hap- 
pen to stand above the seat of their ope- 
rations. They devour paper and parch- 
irtent so rapidly, that whole provinces of 
Spanish America (Humboldt informs 
us) do not afford one written document 
that dates a hundred years back. The 
mosquitoes and other specie* of the fan 
rally of ' tipulce are also formidable ene- 
mies to the human race in these climates. 
Amidst the forests of South America, 
especially along the banks of particular 
rivers, there are large tracts which are 
almost uninhabitable, owing to the thick 
swarms of these insects and the unceas- 
ing torment which they occasion. The 
lower strata of air to the height of nearly 
20 feet from the ground are sometimes 
so filled with them as to give the appear- 
ance of a condensed vapour. During 
the dajr, the atmosphere teems with the 
mosquitoes, which are small venomous 
fltes ; these are succeeded, at night, by a 
species of gnats called zancudoes. The 
distribution of these insects is very re- 
markable, and frequently depends on 
local circumstances which cannot be 
explained. They are, in general, found 
to shun those rivers which have what 
tfte Spaniards call black waters (aguas 
negrasj, and also dry and unwooded 
spots. They swarm most upon the 
banks of rivers, and they nearly dis- 
appear where the elevation of the ground 
exceeds two or three thousand feet above 
the sea*. The annoyance occasioned by 
insects of this description is noteonfined 
to the torrid zone ; for "even in the Arctic 
regions of Greenland and Laptand^ the 

Jtwnboldfs Personal Narrative, vaL v.> pr«6— 116; 



short heats of summer give birth to 
swarms of gnats of another species. 

With respect to fishes, it is probable 
that every basin of the ocean has its 
particular tribes ; while, indeed, the re* 
gions which some inhabit are well 
known. Thus the cod, which are distri- 
buted over all the northern seas between 
Europe and America, congregate chiefly 
upon the great sand-banks to the south- 
east of Newfoundland. The most r& 
rriarkable species of fish are met with in. 
the torrid zone and its vicinity. The 
flying fish hardly extends*to any part of 
the ocean so high as the 40th parallel ; 
but in the voyage to America, hundred* 
of them are seen by navigators after' 
passing the tropic of Cancer. The? ; 
largest and most powerful of those fish 
which possess electrical properties* also 
lwe within the torrid zone. The MedV 
terranean contains four species of elec- 
trical torpedoes ; but the shocks which 
they communicate cannot be compared 
in violence to those of the gymnoti 
(electric eels), which inhabit several of 
the rivers^ and also the stagnant pools, 
in the llanos of South America. All 
the inhabitants of the waters dread the 
society of these animals, It is related 
that, seme years ago, it became iffeoesk; 
sary>to change ttee direction of abroad' 
near Urifactt, in consequence of the 1 
number of mules of. burden annually 
lost in fording a river in which the eels 
were very numerous. The- temperature 
of the waters in which the gynmoti hatot* 
tuaify live, is from 78 to 80 decrees: 
their electric force is said to diminish in 
colder waters. 

The seas of the warm regions contain 
the shark, which, is* noted for its extreme 
ferocity;, but the most enormous m size 
are the whale tribes, which, belong more 
particularly to the high latitudes. 

The migration of flshea seems to be 
occasioned by their seeking for shallow 
water, in order to deposit their spawn. 
The herrings, which are supposed to 
come from the bottom of the Arctic 
Ocean, proceed every year to the coasts 
of the British islands* Norway, Sweden, 
Denmark, Holland, and the United 
States- and also to those- of Kamtchatka 
and the neighbouring islands* The opi- 
nion; is,. that their innumerable shoals 
follow the direction of the chains of sub- 
marine banks- and rooks which they 
meet with ia their progress. Tunnies 
also migrate regnlarlyevery year from the ' 
Atlantic Ocean to the Mediterranean. 

The hot reasons of the globe, and 
these-of America in particular, contain 
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the largest and the most venomous of 
the order of reptile*, including'the rattle- 
snake, and several other kinds armed 
with deadly poisons ; and the- boa con*- 
strictor, which destroys- even the great 
quadrupeds by; the force- with; which it 
coals round their bodies* Here*. too, the 
lizard tribe, under the various* names of 
crocodiles, gavialsv alligators!, and . cay- 
mans* attain to- an immense growth. 
The largest is the crocodnet ofi the- river, 
Nile, which mea^ureevwfeenifull grown* 
even thirty feet in length? It is worthy .of 
remark, that' the. dry> season near the* 
equator has the same eflect upon -several 
of the reptile racensthexjoldrof northern* 
countries: inrSeutfr America^ when the 
swelling. of the^rwerssubstdesv and tt» * 
surface of the; Uanee becomes- parched 
by the heat; boas and crocodiles bury* 
themselves beneath the mud, andlawahV 
hra state of letfeau^y^thepwiodical rasnsi 
A«^ we proceed/ into the higher, latitudes,; 
reptiles dmiinish; both j in* number' aneV 
magnitude,., andlarej. even ike wowt of 
them, . comparatreefyiiarinleg** 

With; respect; to. ^iW* 1 , . we might at 
fiitstrbe inclined torinfeiv^m^W[»wer»^ 
of locomotion widi whkm>thewaw^ftedj* 
that the emsfoocefof cachr speeiestwnpfr 
limited to ar certain- region^, and 'it ist 
I trne the^oaae^fi:Bnm,moma^ttg»9evdratt 
of 'the- vidture tribes, spread themselves- 
almost over the ••* whole* wosidt Befcnr 
appears, to be* generally* the* oase* that 
particular km&axa^confmeditee, very 
small reuse, especially; sw»te j as*, have » 
heavy bodies > and "weak {powere*of 'flight* 
Even: the candor i whimiftequentiy soare> 
at azt f elevationrofc four miles* nevwibr* 
sak«s the chain* o§ the Gordflteras' of: 
Peru and of* Mexico^ and the great' 
eagie does not* quit the ridges* of the 
Alps, The tanid' zone, possesses. a va> 
rietjr of r themost beaeafab bindsj in*- 
eluding; the- hummsnsfbiwUofi Amewoa, 
th»cookatoos*.the birxbof Paiedise, the* 
Lories* and^seveval others* of the' parrot 
genus. The bird-; oC Paradise is* never 
met with beyond New Guineas and the 
neighbouring islands. Parrots? in- the 
New World, are- seen as< high north- as J 
thte 35th degree; but on the old con- 
tinent, they do not appear -to reach far- 
ther -than the 28th parallel* Of tile birds 
■which cannot fly, each equatorial region 
insulated by the ocean has its particular 
kinds. The ostriohof Africa and Arabia, 
the cassowary of Java anoVof New Hbl- 
land, and the Brazilian ostrich; are distinct 
species, possessing, a general similarity 
of. orgamsatioa 
^hefrozen zone has its own. kinds* o£ 



birds, among which are the strim Lap* 
pomcite (Lapland owl), and the ana* 
mollimma (eider* duck), which frequents 
the shoresiof the Arctic seas* and from 
whose' nests the eiderdown is obtained* 
The several species* ot se&birds do not 
wander beyond certain limits assigned 
to each The albatross is seen flftting 
along the surface^ of the waves, as we 
approach the 40th parallel of latitude. 
The sea-swallow* and the tropical bird* 
keep within the torrid zone* The pen* 
guin of the. Northern differ* from the 
monehbt of the South Seas, \ 

The/ migration of birds from one 
coontry to* another, in* consequence of 
the.changee-of the seasons, is a rentarfe- 
able^ phenomenon^ The direction and 
extent' off these- migrations are still* in 
most et»es^but*imperfeotty known. On 
theappjoach of winter, swallows*- storks* 
anderaneeabandofrthe* northern coun- 
tries ofJBarepefor the wanner climates 
of the south In the equinoctial zone* 
which is* nearly) o£* the same warmth 
daring- the whole* year, the variation* of ** 
dreamt and? humidity appear to influence- • 
the* habits o#> anknafe in. tike -same man* 
ner^ae* the greafechangeS' of. temperature* 
in* our climates* In South ifenerica* 
when the Oi^oiiolto.bemn^te'* well wi^ 
tYf&rmsB* a» inAummble Quantify* of' 
dueks* remove* from * eegfrteand threede- 
greeevofhwrth, te one* and r four degrees* 
of^n^4aMude«itowa^i:heeoutl»eoeftl^ 
easfci These' birda qmfr the valley* of 'the 
Oteeneko'afr this « period; doubtless- be* 
causes the increasing depth 1 off the water* 
and i the" inundations . o$ "the* shores pre- 
ventthemfrem cateMng flfeh and insects. 
In? tttenioalh o^Steptember, when the 
OroonokO' decrees€s and ^etreats-within 
its^ bed* th^ return? from? the Amazon 
and* the RtoBranoo stewards* thte northY 
The southern coasts- oFthe West Indie, 
islands' also receive every* year, at the 
season of the intindatkmsof the great 1 
rivers* of* terras ftrma (the continent), 
nemerous ■fBghtfcof 'theflfehmg birds of ! 
the> Oroonokoi. and of^ itsr tributary 
streamsw It is ir* obedience to a similar 
instmctv that, during the heats of sum- 
mer, the humming-bifrde advance in 
pursuit i of insects* into the northern: 
parts of the United States, and evem. 
inte Canada* 

Quadrupeds are an order of animaBsr 
more perfsotiy organised than any of; 
these which have been under consiaera- 
tion ; whitej ae they are in many in- 
stances* immediately' connected with 
man,, and altogether come more under J 
his: observance, their- distribution* pre- 
E2 
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sents a more ample subject for investi- 
gation. The hot regions towards the 
equator furnish this order in the ut- 
most number and variety ; and many of 
its tribes are there distinguished for 
their size, their amazing strength, or 
the ferocity of their dispositions. The 
lion, the tiger, the elephant, the rhino- 
ceros, the hippopotamus, the panther, 
the leopard, the hyaena, and the came- 
lopard, are all inhabitants of the torrid 
zone and its vicinity. In the temperate 
regions, the animals are of much smaller 
dimensions ; and the only beasts of prey 
are the wolf, the bear, the lynx, and the 
wild boar ; but there the domestic tribes . 
are reared in all their perfection. The 
white or Polar bear, which is quite dif- 
ferent from the common bear and much 
more formidable, inhabits the coasts of 
the Arctic Ocean ; so that, under both 
extremes of temperature, the animal 
creation assumes a character of ex- 
cessive ferocity. 

The domestic animals have been con- 
veyed by man to various parts of the 
world, and are therefore very widely 
dispersed. Under this title are included 
the dog, the cow, the sheep, the goat, 
the horse, the ass, the pig, and the cat. 
Humboldt states (contrary to what has 
been supposed by some), that the cows 
in the equinoctial parts of South America 
will yield as rich a milk as in temperate 
■countries. The ass is not capable of 
enduring cold so well as others of the 
-domestic races : when beheld in the 
northern regions of Europe, he is quite 
-a degenerate animal ; south of the 40th 
parallel of latitude, under the influence 
of a more genial climate and better 
treatment, he is large, lively, and docile. 
The horse, originally a native of the cen- 
tral parts of the old continent, is now 
spread from the confines of the Arctic 
Circle to beyond the 50th degree of 
south latitude. It exists as high as 
Norway and Iceland, where it is small 
and of a peculiar variety, and extends 
-even into the desolate regions of Pata- 
gonia. This animal was introduced 
into South America by the Spaniards, 
in their early visits to that continent ; 
it has since greatly multiplied, and im- 
mense herds now rove wild over the 
llanos. The existence of these crea- 
tures is exposed to the most severe 
sufferings. *' In the rainy season/' says 
M. Humboldt, " the horses that wander 
in the savannah, and have not time to 
reach the rising grounds of the llanos, 
perish by hundreds amidst the over- 
flowings of the rivers. The mares are 



seen, followed by their colts, swimming, 
during a part of the day, to feed upon 
the grass, the tops of which alone wave 
above the waters. In this state they are 
pursued by the crocodiles ; and it is by 
no means uncommon to find the prints 
of the. teeth of these carnivorous reptiles 
on their thighs. 

" We cannot reflect," he proceeds, 
" on the effects of these inundations, 
without admiring the prodigious plia- 
bility of the organisation of the animals 
that man has subjected to his sway. In 
Greenland, the dog eats the refuse of 
the fisheries ; and, when fish are want- 
ing, feeds on sear-weed. The ass and 
the horse, originally natives of the cold 
and barren plains of Upper Asia, follow 
man to the New World, return to the 
savage state, and lead a restless and 
painful life in the burning climate of the 
tropics. Pressed, alternately, by excess 
of drought and of humidity, they some- 
times seek a pool in the midst of a bare 
and dusty soil, to quench their thirst ; 
and at other times flee from water, and 
the overflowing rivers, as menaced by 
an enemy that encounters them on every 
side. Harassed during the day by gad- 
flies and mosquitoes, the horses, mules, 
and cows find themselves attacked at 
night by enormous bats*, that fasten on 
their backs, and cause wounds which 
become dangerous because they are . 
filled with acaridae, and other hurtful in- 
sects. In the time of great drought, the 
mules gnaw even the thorny melocactus 
(melon-thistle), in order to drink its 
cooling juice ; and draw it forth as from 
a vegetable fountain. During the great 
inundations, these same animals lead an 
amphibious life, surrounded by croco- 
diles, water-serpents, and manatees. 
Yet, such are the immutable laws of 
Nature, their races are preserved in the 
struggle with the elements, and amid so 
many sufferings and dangers. When 
the waters retire, and the rivers return 
into their beds, the savannah is spread 
over with a fine odoriferous grass ; and 
the animals of old Europe and Upper 
Asia seem to enjoy, as in their native cli- 
mate, the renewed vegetation of spring." 

It has been observed by Buffon, that 
the largest quadrupeds, such as the 
elephant, the rhinoceros, the hippopo- 
tamus, the camelopard, the camel, 
and most of the ox kind, are possessed 
exclusively by the old world. In 
America, the fossil remains of some 

* In Brati), in the province of Ciara, the bats 
eanse such destruction among the.' cows, that rieh 
farmers are said from this cause to be sometimes re- 
dneed to indigence. 
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large animals have been discovered ; 
but of living species, there are very few 
of considerable bulk. It has also been 
remarked, that the tribes which are the 
most powerful and perfect in their struc- 
ture belong chiefly to the old world; 
those of the new naving, in general, a 
character of organisation which assigns 
them a lower rank in the scale of ani- 
mated beings. Such carnivorous ani- 
mals, for example, as have the greatest 
vigour and courage (among which are 
the lion, the tiger, and the hyaena) are 
confined to Asia and Africa. The Ame- 
rican tribes which approach most nearly 
to these, are, in general, much more 
gentle and feeble than the African and 
Asiatic species. It must be admitted, 
however, that Buffon's assertion respect- 
ing the cowardice of the feline race of 
America must be taken with some limi- 
tation : for it appears that the jaguar will 
sometimes attack men; and, when as- 
sailed by armed numbers, he has been 
known to offer an obstinate resistance. 
The swiftest, as well as the most grace- 
ful and beautiful quadrupeds (the ante- 
lopes, for example) also chiefly belong to 
the old continent ; while those kinds which 
are the most useful to man, including 
the goat, the horse, the ox, and the ass, 
were unknown in America till their in- 
troduction into that country by the 
Spaniards. 

Confining our view to wild animals, 
we may divide the earth into a number 
of zoological regions or provinces, each 
of which is the residence of a distinct set 
of quadrupeds*. 

The first of these provinces, if we 
commence from the north, is the Arctic 
region, which contains the white bear, 
the rein-deer, the Arctic fox, and other 
tribes common to both of the great con- 
tinents. The circumstance of their being 
common to both continents, is accounted 
for by the communication which, during 
winter, is established between the shores 
of Asia and America by means of the 
ice, over which a passage from one to the 
other becomes practicable to such ani- 
mals as are fitted to endure the intense 
cold of the circumpolar countries. 

The northern temperate zone is divided 
by the ocean into two great districts. 
Tne same tribes are found to be spread 
from the western to the eastern parts of 
- the old continent ; but the quadrupeds 
which inhabit the temperate climate of 
America are peculiar races. 

The equatorial region contains three 
extensive tracts, widely separated from 

* See Dr. Prichard'js work, before mentioned. 



each other by the sea. These are the 
intertropical parts of Africa— of Ame- 
rica — and of continental India. Each of 
the three tracts in question has a distinct 
nation of quadrupeds. The Indian isles, 
particularly the Sunda and Molucca 
islands, may also be considered as a se- 
parate region. 

Beyond the Indian Archipelago is Pa- 
pua, under which name it is usual to 
include New Guinea, New Britain, and 
New Ireland. These countries, with the 
islands which are formed by a continua- 
tion of their mountain chains, namely, 
the archipelago of Solomon's Islands, 
Louisiade, and the New Hebrides, to- 
gether with the more remote groups in 
the great Southern ocean, may be re- 
-garded as one zoological province. It is 
remarked, that all this extensive region 
seems almost wholly destitute of native 
warm-blooded quadrupeds, except a few 
species of bats, and some small domestic 
animals in the possession of the natives. 

The large region of Australia forms 
another zoological province, in which are 
contained many indigenous tribes of a 
very singular description; and, lastly, 
the southern extremities of America and 
Africa are each distinguished by the pos- 
session of peculiar races. 

Of these several provinces, into which 
the animal world admits of division, none 
is peopled with so remarkable a stock of 
animals as! Australia, including, under 
that designation, New Holland, and the 
adjacent islands to the southward. It 
possesses several entire genera of quad- 
rupeds which have been discovered in no 
other part of the world ; and it further 
deserves notice, that most of the tribes 
peculiar to New Holland, though on the 
whole very different from each other, 
have some striking characters of organi- 
sation common to all. It was assumed by 
Linnaeus, that the great class of warm- 
blooded quadrupeds was, without excep- 
tion, viviparous and mammiferous— two 
terms, the first of which denotes their 
production of their offspring in a living 
and perfect state ; and the second, their 
being supplied with organs for suckling 
their young. On this latter account, it 
received the name of mammalia, by which 
it is known among naturalists. It ap- 
pears, however, that, in New Holland, a 
tribe of warm-blooded animals has been 
discovered, to which that name is not ap- 
plicable, because it is oviparous (that is, 
produces eggs), and is therefore unpro- 
vided with organs of the description 
above-mentioned. This curious tribe is, 
as far as our present knowledge extends, 
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' quite confined to New Holland. Another 
remarkable tribe is the marsupial, which 
term comprises such as produce their 
young in an immature state,and keep them 

, for alime attached to their bodies, chiefly 

:m abdominal bags orpouches, sepven them 
by nature for thai purpose. Tins tribeaJso 
ismetwith principally in. New Holland. 
One genus of it, s indeed,. the opossum or 
didelphis, 4s peculiar to the warm parts of 
America,' and some species of. phaiaaagers 

fare seen in the Moluccas ; but over the 
Australian regions there are distributed 
several genera of the marsupial coder, 
comprehending more than '40 species. 
Among these are the wombat, the kanga- 
roo-rat, the kangaroos, and the dasyuri 
OT Australian opossums. 
The didelphis, or American opossum, 

< differs from the Australian' opossum in 
-several respects; one of which is the 
having a long prehensile or muscular 
tail, which serves as a fifth limb, and- is 
of great use to animals which inhabit 
forests so- extensive and lofty as those of 
Guyana*. In the same part of America 

.- there are other animals which resemble 
the opossum in this respect; these are 
the sapajons, a numerous tribe of mon- 
keys, the ant-eaters, the kmkajeu, and 
the hystrix prehensilis (prehensile poreu 

) pine). Herein we behold striking in- 

> stances of the structure of animals being 
fitted to the nature of the country in 
Which they reside. The monkeys of 
Africa and of India ore distinguished by 
no such peculiarity, for in those: parts of 
the world it is not requisite. 

We have already mentioned that tfce 

. new continent is, / compared with : the 
eld, nearly destitute bf the most>power- 

< M and perfect tribes of quadrupeds. >In 
their place are* found most x>f those ski- 

- gular races, in Reformation of which the 

< ordinary rules of nature seem (most wide- 
ly to have been relinquished. Such are 
the 'ttabes which Guvier ;>has termed 

• Edentes,. or quadisupeds defective with 
respect to teeth, some of them bemg en- 

•« tireiy destitute of those organs "Thus 
•America contains ithe wholeofamily of 

• sloths, the ant-eaters,. wirichfiare^quke 

• unprovided with teeth^and *he armadil- 
« floes, which have, grinding teeth,: tout no 
. tusks or cutting teeth. 

That part of Southern. Africa tthMi 
extends beyond the tropic ^of€Japrioom, 

• forms quite a distmctaoologiealijrovinee, 
^jepamted asitrisby itearterwhtienJof the 

- north of the feqnator. rAccordmrfythe 



animal creation of this region assumes a 
character almost as peculiar as that 
whielris displayed by its vegetation. Of 
the order termed Mammalia, Southern 
Africa contains several peculiar genera, 
which occupy various distances, towards 
the -north, according to the degvee in 
which they are capable of enduring a hot 
climate, in many instances the same 

Lgmemiare found in. this region as in tem- 
perate countries north of the equator ; 
but it is particularly to be observed, that 
the southern species differ from thes 
northern. Thus the -quagga, the zebra, 
and some others of the horse kind, an- 
swer to the ass and the j jggetai of Asia. 
From the southern tropic to the Cape of 
Good Hope, the continent of Africa 
stretchesinto fine level plains, over which 
roam a great diversity of hoofed quadru- 
peds. Besides five of the horse genus, 
there are also peculiar species of rhinoce- 
ros, of the hog and the hyrax ; and among 

■ ruminating animals, thagiraffe orcame- 
lopard, the Cape buffalo, and several re- 

• markable antelopes, as the springf-bock, 
the gnou, tiae leucophoey and others. 

•The animals of the Indian Archipelago 
! have in some respects a different character 
from those of continental India, and ap- 
proach towards those of Africa. The Sun- 
da isles are said to contain a hippopotamus 
— an animal which does not exist in the 
rivers of Asia. The rhinoceros of Suma- 
tra resembles the African more than the 
Indian species, but is specifically different 
from both. It is the same wim the cro- 
codile tribe, which is divided into three 
sub-genera, the crocodile proper, the alli- 
gator or cayman, and the gaviaL The 
' alligator? belongs to Ameidca-^the gavial 
. inhabits the Ganges, and probably other 
rivers ia continental India — of the croco- 
dile proper there* are six species, of which 
some belong t<* Africa, others to the isles 
of the Indian. ocean, and one is. said to 
have> been discovered in the -West Indies. 
Among flying quadrupeds, the flying ma- 
cauco orlemur, isseen ^ouly in the islands 
' of the Indian ocean ;iwo* species of flying 
squineU and two. remarkable genera Df 
the tattly of bats, also reside there ; be- 
sides which 8ome4>f theflyiiig phalangers 
>«r& supposed to belong to the Moluccas. 

It will -be proper, in the next place, to 
inquire more particularly into the man- 

• ner in vrtsch'themosfc numerous famines 
of quadrupeds are distributed! over mfifer- 
ent parts* of- the world. > In this* enume- 
ration, it is of course *ajb intended to* in- 

' cmdetho8e<animal« which malthas' been 
the means of conveying ftom one country 
to another, whence the same species have 
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in some instances become scattered over 
the most distant parts of tlie earth. 

Most^ of those animals which Linnssus 
comprised in his order Primates, inhabit 
warm or temperate climates. The two 
grand divisions of this order are the bat 
and the monkey tribes. The latter has 
been subdivided by Cuvier into two 
chief branches, very different from each 
other — the simiae proper, which are con- 
fined to the old continent— and the sapa- 
jous, which are peculiar to America. 
The African simiae are distinguished from 
the Indian ; and most of their species 
are limited each to a comparatively small 
traet. In the island of Madagascar, no 
true simiae exist, but in their place are 
the maids, a tribe of lemurs. Of the 
bat tribe, the rousettes or frugivorous 
(fruit-eating) bats, inhabit the Indian 
archipelago and Australia, and thevam- 
pyres, or blood-sucking bats, nine species 
of which have been mentioned, are all 
pecuHar to the hot parts of America. 
The most numerous genus of bats are the 
vespertihones ; some of these are very 
extensively dispersed, but this is not the 
case with the majority, and not one spe- 
cies is common to the old and new 
-Continents. 

The ferce, or carnivorous quadrupeds 
properly so termed, are extensively 
spread, although most of them belong to 
hot elimates. Of the twenty-eight spe- 
cies of the cat kind, which have been 
enumerated, not one is the same in 
America and in the Old Continent ; even 
the lynx of Canada is now believed to be 
a distinct kind from the European. The 
. African species are generally confined to 
Africa, and the Indian to the eastern side 
of the Indus. The tiger is found only in 
Asia, extending as high as Chinese Tar- 
tary; but it is by far most common in 
India, living in ravines and jungles. 
Africa, although destitute of tigers, pos- 
sesses panthers and leopards. The lion 
is most formidable in Africa, where 
there are two species, the Barbary and 
the Senegal ; it is also said to belong to 
India, and it inhabits those parts of 
Arabia and Persia, which border on the 
Tigris and Euphrates from the Persian 
Gulf as for as Bagdad. Hie Arabian 
species is smaller than theothers, and the 
males have no mane. The couguar or 
puma, a native of South and North 
America, which is sometimes called the 
American lion, is a very different animal 
from the real lion. Of the dog kind, 
several species endure an arctic climate, 
and are common to the high latitudes of 
both continents. The lagopus xxieatis 



(arctic fox) is found at Spitzbergen, and 
may be traced through the north of 
Asia to Kamtchatka, and thence to the 
shores of Ameriea, Hudson's Bay, and 
Greenland. The wolf and the tycoon. 
(black fox) ave also common to all the 
arctic countries. Others of the dog-kind 
require a warm or a temperate climate* 
and these occupy a limited space either 
in Asia, in Africa, or in Ameriea. The 
dog of the Falkland islands (amis antarc- 
tieus), which was the only quadruped 
discovered there, has by some been con- 
sidered a separate species, while others 
have held it to be the same as a species 
which inhabits Chili. 

The pachydermatous (thick-skinned) 
tribes, live only in warm or temperate 
regions. There exist two species of 
elephant, the Indian and the African. 
Of the rhinoceros there are several spe- 
cies, but none of them are possessed jn\ 
common by Asia and Africa. Those 
with two horns inhabit southern Africa, 
those with one horn belong to India and 
China, and to some of the islands of the 
Indian Archipelago. In America, the 
only representative of these large pachy- 
-dennatous animals is the tapir. The 
hyrax and the hog tribes do not extend 
into cold climates ; the wild boar, which 
ranges further towards the north than 
any of his tribe, is spread over various 
parts of Europe, but is never seen to the 
north of the Baltic. The domestic hog, 
since its introduction into America, has 
run wild and formed large herds in that 
Continent. 

Among ruminating animals, the goat, 
the antelope*, and the giraffe, or came- 
lopard, are limited to the Old Continent ; 
but of sheep, some peculiar species are 
possessed by America, as, for instance, 
the paco, which in its domestic state is 
called bicunua or vigonia, and is an in- 
habitant of Peru. The camelopard, 
which is so remarkable for its height, 
its swan-like neck, and its gentle disposi- 
tion, is a native of southern Africa. The 
antelope, of which the species are very 
numerous, is almost confined to Asia 
and Africa, none of them being found in 
Europe, except the chamois and the 
saiga. They inhabit as weH the torrid rone 
as those peats xrf the temperate -zonefe 
which are not very remote from the tro- 
pics. The dromedary, or camel with 
one hump, is a native both of Africa anil 
Asia; the two-humped or Bactrian 
camel, so called because it is supposed 

• Several American species have been described 
which are considered to be nearly related to the an- 
telope. 
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to have originally come from Bactriana, 
belongs to much more northern climates 
than the other : it lives in the Crimea and 
in central Asia, in countries where the 
winter is very severe. The llama, or 
guanaco, which has been named by 
some the camel of the New "World, is a 
widely different kind from either of the 
preceding. The musk resides in the 
mountains of Asia, from Cashmere, 
along the Altai, to the mouth of the 
river Ameer. This animal is not seen 
in the New Continent, although there 
are tribes which bear a relation to it 
Some species of the deer and ox inha- 
bit very cold climates, and these have 
passed along the arctic regions from one 
continent to the other. Those which 
are unable to support such severe sea- 
sons, are confined to certain local tracts 
in either continent. 

We shall conclude our inquiry into 
the distribution of quadrupeds, with the 
mention of some facts respecting the de- 
scription of animals discovered in islands. 
Small islands lying at a great distance 
from continents are in general quite 
destitute of land quadrupeds, except such 
as appear to have been conveyed to them 
by men. Kerguelen's Land, the islands 
of Juan Fernandez, the GaUapagos, &c, 
are instances of this fact. Among all 
the* fertile groups in the Pacific Ocean, 
dogs, rats, hogs, and a few bats, are the 
only quadrupeds which have been seen. 
The Indian isles near New Guinea, 
abound in oxen, buffaloes, goats, deer, 
cats, rats, hogs, and dogs ; but, accord- 
ing to all accounts, none of these have 
reached New Guinea, the two latter ex- 
cepted. In Easter island, the most re- 
motely seated in the Pacific, there are 
no domestic animals, except fowls and 
rats, which are eaten by the natives. 

The quadrupeds of islands situated in 
the neighbourhood of continents, are ge- 
nerally the same as those of the adjacent 
main-land. This remark may be made 
rthe animals of the British and 



of the "Mediterranean isles, as well 
as of those in Madagascar, and in the 
islands near New Holland. When in 
.such islands any quadrupeds are met 
with, which do not exist in the neigh- 
bouring continents, they are usually cus- 
tinct species which occur no where else, 
and either have always had a local ex- 
istence, or have been entirely destroyed 
from the main-land. 

There is thus reason to conclude, that 
islands in general derived their quadru- 
peds from the continents in the neigh- 
*ix>urhood of which they are placed. 



Having now stated the facts which: 
relate to the distribution of the principal 
races of animals, it remains only to in- 
quire what inference we are entitled to 
draw concerning the manner of theiir 
original dispersion over the earth: 
whether that dispersion took place front 
a single spot, or whether, as in the case 
of the vegetable tribes, it commenced 
from a variety of distinct centres. 

The local existence of insects is so 
closely connected with that of the plants 
which not only yield them sustenance, 
but also, in many instances, furmsh ttieir 
only place of abode, that we might at 
once expect to find the same laws pre- 
vailing in the dispersion'of this part of 
the animal creation, as in that of the ve- 
getable tribes. This conjecture has been 
confirmed by positive researches. M., 
Latreffle, by whom the subject has un- 
dergone a full investigation, states, that 
the whole or the greats part of the 
arachnides and insects which inhabit 
countries of similar soil and temperature, 
but widely distant from each other, con- 
sist in general of different kinds. All 
the insects and arachnides which have 
been brought from the eastern parts of 
Asia, under whatever latitude, are dis- 
tinct from those of Europe and of Africa, 
It further appears, that with insects, as 
with plants, where the species are differ- 
ent, the genera are nevertheless often 
the same. In this manner, the entomo- 
logy of America approximates to that of 
the Austral countries, and the east of 
Asia. The insects of New Holland are 
often of the same genera with those of 
the Moluccas, and the south-eastern 
parts of India; they show much affinity 
to those of New Zealand and New Cale- 
donia, and, as just observed, include 
similar genera to those of America : yet 
the entomology of New Holland is, not- 
withstanding, marked by a peculiar cha- 
racter. A large number of insects are 
found near the Cape of Good Hope, 
which are unknown in other countries : 
M. Lichtenstein collected there between 
600 and 700 species, of which 340 were 
ascertained to be entirely new. 

In adverting to the dispersion of the 
various tribes which inhabit the waters 
of the ocean, including the marine mam- 
malia, as well as fishes and molluscae, it 
is to be remarked that, in the descrmtions 
of these tribes, great vagueness and inac- 
curacy has long prevailed. Therefore it 
is that this department of the annual 
kingdom contains so many species which 
are said to inhabit indiscriminately ail 
parts of the ocean. The common whale 
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(balcena mysticetus) has been supposed 
to belong equally to the frozen seas of 
Spitzbergen and to those of the antarctic 
circle. The sea-calf (phoca vitulina) is 
reported by several writers to be a native 
not only of both circumpolar regions, but 
also of the seas of the torrid zone ; while 
some have gone so far as to assert that it 
exists in the Caspian, and even i$ the 
fresh-water lakes of Baikal, Onega, and 
Ladoga. But the fact of such extensive 
dispersion of marine animals rests en- 
tirely on the authority of incompetent 
persons. The celebrated naturalists Le- 
| sueur and Pe" ron,who personally collected 

and examined a vast number of marine 
species in the southern hemisphere, have 
come to the conclusion, that the arctic 
ocean does not contain one tribe, well 
known and described, which is not sped- 
fically distinct from those animals most 
analogous to it in the antarctic seas. This 
remark applies not only to the cetaceous 
and phocaceous tribes, but also to the 
lower departments of marine animals ; 
and, descending through a variety of 
worms and molluscae, even to the shape- 
less sponges of the antarctic waters, these 
naturalists assert that, among all this 
immense assemblage, not one species 
will be found which exists in the seas of 
. the northern hemisphere. It further 

[ appears that those maritime animals, 
| which possess little power of self-exten- 
sion, prevail within very narrow limits. 
Each species of the family of medusa is 
seen in abundance in particular districts, 
and occurs in no other place. It is the 
same with the numerous testacea which 
adorn the shores of the southern seas. 
The shores of Timor present a great mul- 
titude and variety of beautiful testacea ; 
but not one of these extends so far as the 
southern coast of New Holland. 
■ With respect to reptiles, birds, and 
quadrupeds, the facts already stated con- 
cerning their distribution are sufficient to 
show tnat different regions of the world 
are each in possession of peculiar kinds. 
Many entire genera are wholly confined 
) to certain districts ; but when, as it fre- 
" quently happens*, the same genus is disco- 
vered among the wild and native animals 
of two distant regions, to a communication 
between which natural obstacles are op- 
posed, it is not the same species that 
inhabit both countries, but corresponding 
species of the same genus. Thus the 
American species of the cat kind differ 
from the African and the Asiatic ; and 
the species of horse, ox, antelope, rhino- 
ceros, and elephant, of Africa, are distinct 
from those of the same genera in Asia. 



Under these circumstances, we can 
arrive at no other conclusion than that 
the first dispersion of animals, like that 
of vegetables, took place from divers 
points. It is probable that, at least, each 
of the great mountainous.'chains and ta- 
ble lands was originally furnished by the 
Creator with a stock of animals. The 
offspring of each species have since spread 
themselves to as remote a distance from 
the first spot of their existence as their 
locomotive powers, their capability of 
bearing changes of climate, or the absence 
of physical obstacles to their further pro- 
gress, may have allowed them to wander. 

On Man in his Physical Character — 
His universal Dispersion over the 
Earth — Unity of his Species — Terms 
Genus and Species explained — Varie- 
ties of the Human Race, and manner 
in which they may be accounted for — 
Influence of Climate. 

The physical character of man, although 
it be not such as to exempt its possessor- 
from those laws of generation, of growth* 
and of dissolution, which prevail among 
the inferior tribes of animals, is neverthe- 
less of a peculiar and pre-eminent kind. 
His organisation, more perfect and com- 
plex than theirs ; his erect and noble as- 
pect ; his form, better suited for rendering - 
obedience to the impulses of a rational 
and intelligent mind ;— all essentially dis- 
tinguish him from the brutes over whom 
he exercises dominion. Under such cir- 
cumstances as these, it is not a little 
surprising that there should ever have 
existed naturalists who pretended to con- 
found the human species with tribes of 
the lower animal creation. 

In some respects it may appear that 
the organisation of man subjects him to 
great disadvantages: the extreme feeble- 
ness of the human frame at the first 
period of its existence ; the slowness of 
its growth ; the multiplicity of its wants ; 
the variety of ills and infirmities to which 
through life it is exposed, have no parallel 
among the beasts of the field. Yet who 
that considers the present moral imper- 
fection of man, can deny the good which 
results from these physical disadvantages 
inseparable from his condition? Endued 
with the strength of the lion or the ele- 
phant, or clothed with a skin impervious 
to cold and moisture, he would probably 
have remained sunk in selfish indolence* 
and ignorant of all the arts which em- 
bellish life. But the feeling of his wants 
and weakness has aroused faculties which 
would else have lain dormant in his 
mind— has, by uniting him to his fellows, 
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given rise to the most endearing ties and 
the most useful forms of society ; and 
has so called forth his inventive re- 
sources, that he has, to a considerable 
extent, acquired the command and the 
direction of the powers of rartune. 

The researches of modern navigators 
have shown that the human race is 
-spread nearly over the whole earth. It 
has been found in the midst of the -most 
sultry regions, in the vicinity of the pole, 
and upon islands which a boundless 
ocean would have seemed to cut off 'from 
communication with the rest of the world. 
The islands of Spitsbergen and of Nova 
Zemhlato the north, and Sandwich Isle, 
the Isles of Falkland, and Kerguelen's 
Land to the south, are the only countries 
of considerable extent which have been 
found entirely destitute of human inha- 
bitants. In the north, the habitations of 
man stretch nearly to the 75th degree of 
latitude ; while in the south a miserable 
race (that of the Petcheres) exists on the 
bleak and barren shores of Terra del 
Fuego. The oases, or islands of verdure, 
scattered over the sands of Africa, are 
also the seats of population. In one part 
of the world the human body supports a 
heat higher than that which makes ether 
boil ; and, in another, a cold which occa- 
sions the congelation of mercury. 

Notwithstanding the dissimilarities of 
structure and complexion Which are ob- 
served upon comparing the natives of 
different countries, there are the strongest 
reasons to believe that the human raee 
forms not only a single genus, but also 
a single species ; or, in other words, that 
•all the several varieties of men sprung 
originally from one pair of individuals. 
Though there exist independent grounds 
for this opinion (as will presently be 
shown), it is proper, before we proceed 
to a statement of these, to remark that 
the whole tenor of Revelation is against 
any other supposition. 

We may discern in the difference be- 
tween the means adopted for peopling 
the earth with the human race, and those 
provided for covering it with the inferior 
creatures, thetraoes of that wisdom which 
uniformly pervades 'the arrangements of 
Providence. Had there been, in thenrst 
instance, no more than one pair of each 
genus of animals, and one individual of 
•each tribe of plants, and had these been 
called into being upon only one spot of 
the earth, large-regions separated by wide 
seas and lofty chains of mountains from 
1he country containing that single- spot, 
would for ever have remained almost, if 
-not entirely, destitute of plants and ani- 



mals, unless at the same time means had 
been provided for their dispersion far 
more effectual than any which we behold 
in operation. To prevent a result so little 
in harmony with what appears to be the 
general system of the universe, each se- 
parate region of the globe was supplied 
with a distinct stock of plants and ani- 
mals. But in the instance of the human 
race, such a plan of proceeding was not 
requisite. Man was endued with a con- 
stitution capable of accommodating itself 
to the greatest changes of climate, and 
with the power of inventing methods for 
protecting himself against atmospheric 
influence : he was also-enabled, by the aid 
of the same power of invention, to trans- 
port himself over the most extensive seas 
and across the most formidable ranges 
of mountains. Furnished with these 
capabilities, his raee was originally placed 
in only one spot of the world. 

In order that the question may be 
fully understood, it is requisite to explain 
what is signified by the terms genus and 
species, of which frequent use has been 
made in the course of the present trea- 
tise. A race of animals, or a tribe of 
plants, marked by any peculiarities of 
structure, which from one generation to 
another have always been constant and 
undeviating, form a species; and two 
races are held to be specifically distinct, 
if they are distinguished from each other 
by some peculiarities, which, in the lapse 
of generations, the one cannot be «up- 
T>osed to have acquired, or the other to 
have lost, through any known operation 
of physical causes : so that, under the 
word species, are comprised all those 
animals which are concluded to have 
sprung, in the first instance, from a sin- 
gle pair*. The term germs has a moie 
extensive application. There are several 
species which so resemble each other as 
immediately to suggest the idea of some 
near relation between them. The horse, 
the ass, the zebra, and others of the horse 
land, are one instance of this remark; 
the different species of -elephants are 
another ; and a third is furnished by the 
several kinds of oxen, buffaloes, bisons, 
&C all belonging to the ox genus, and 
bearing a striking resemblance one to the 
other. As no physical causes are known 
which could have operated so as to pro- 
duce those deferences of structure, wfeeh 
-exist between the several species of one 
genus, it is concluded that they origin- 

• It iaoertaialy possible that what we termoue 
species may have'sprung from two or more original 
pairs exactly alike ; but, judging from all that nan 
been observed, it is by no -means probatts. 
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filly sprung ~from different individuals. 
A gentry consequently, is a collection of 
several species On a principle of resem- 
blance ;-and it may, therefore, comprise a 
greater or less number of species t Aecord- 
ingto theparticular views of the naturalist. 
It is not, however, always easy to deter- 
mine -what races of animals. are of the 
same^and what of separate species. Itis a 
•wellknown-iact, that considerable varie- 
ties arise within the limits of one species ; 
and such varieties are^ often transmitted 
i» the offspring, and beeome, in a great 
measure, permanent or -fixed in the race. 
Hence the difficulty, in «ome cases, of 
deciding whether two races of animals, 
of the same genus, and similar in many 
particulars, but differing in others, are 
merely what are termed varieties of one 
species, their diversities having proceeded 
from the action of external, or other 
• causes, on a stock originally the same, 
or tribes of an entirely distinct origin 
from the beginning. 

Dr. Priehard, in an able work entitled 
■" Researches into the Physical History 
of Mankind," to which we have before 
had occasion to. refer, mentions the cri- 
teria which may be used in order to de- 
termine whether all the races of men 
belong to the same species. The first of 
these is furnished by a reference to the 
general laws of then* animal economy : 
since, should it appear that, in two races 
of animals, the duration of life is the 
same ; that their natural functions observe 
the same laws ; that they are subject to 
the same diseases, and susceptible of the 
same eontagions— there is a very strong 
presumption that they are of the same 
species. Another way of examining the 
subject, is, to inquire whether the diver- 
sities in mankind are strictly analogous 
to those varieties in form, colour, &c, 
which occur in the lower departments of 
the animal creation, within the limits of 
the same species. The method, however, 
which bears most directly upon the ques- 
tion, is to ascertain what is positively 
known respecting the springing up of 
Tarieties among the human race. 

First, with respect to the laws of the 
animal economy, it may be inquired 
whetherthereare any peculiarities which : 
di s tin g u ish one race of men from another, 
of such a description as to render it pro- 
liable that they constitute distinct species. 
Certain writers have supposed that there 
is a difference between Europeans «nd 
some >other nations, in the duration of 
life. It is not to be denied that savage 
nations are, in general, shorter lived than 
the inhabitants of civilized countries ; 



but this circumstance is sufficiently ex- 
plained by their addiction to intemperate 
habits, and their constant exposure to 
fatigue and hardships. When they have 
not such disadvantages to contend with, 
their term of life seems to be as long as 
.that of any other race of men. Several 
instances are eked, both of negroes in the 
West Indies, and of native Africans, hav- 
ing attained to a very advanced age ; and 
among the natives of America, cases of 
longevity are far from uncommon. Hum- 
boldt mentions the name of a Peruvian 
who lived to the age of one hundred and 
forty-three, and who, only thirteen years 
before his death, was accustomed to tra- 
vel on foot from three to four leagues 
daily. .The Laplanders, again, are said 
to be rather remarkable forlong life. 

As to diseases, it seems an undoubted 
fact that all human contagions, and all 
epidemic complaints, exert their perni- 
cious influence on every tribe of men, 
though the natives of particular climates 
suffer more than others. And as to con- 
stitutional complaints, the difference is 
only one of predisposition, and analogous 
to what is witnessed in different families 
in the same nation, some being constitu- 
tionally more liable to certain disorders 
than others. The constitution of the 
American is observed to be the most 
torpid, that of the European in general 
the most irritable. 

The conclusion which results from the 
first method of inquiry, as will be more 
particularly seen by referring to the work 
above-mentioned, is, that the grand laws 
of the animal economy are the same in 
their operation upon all the races of man- 
kind. The deviations which occur are 
not greater than the common varieties 
in constitution which exist within the 
limits of the same family. Here, then, 
is one strong presumption in favour of 
the inference that all men belong to one 
species; Jor it appears that, among ani- 
mals, neighbouring species, so closely 
allied, as to have often been taken for 
mere varieties of the same stock (as the 
wolf and >the dog), differ materially in 
the laws of their animal functions. 

The next mode of inquiry suggested, 
is, how far the diversities of complexion, 
figure, >and stature, seen. among the se- 
veral races of men* are analogous to those 
varieties which, in the inferior animals, 
often occur without marking any specific 
difference, and, indeed, originate before 
our eyes within the limits of the same 
species. In this place we shall accord- 
ingly note the most remarkable instances 
of variety which appear in mankind. 
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One, and that the most "obvious to 
common observers, is the diversity of 
colour. It is well known that there is a 
correspondence between the colours of 
the skin, the hair, and the eyes of indi- 
viduals. With few exceptions, light- 
coloured eyes are joined to a fair com- 
plexion and light hair, but a relation of 
the colour of the skin to that of the hair 
is perhaps universal. The women of 
Barbary and Syria are said to be often 
very white, although they have black 
hair ; but this is to be attributed to art, 
and careful protection from the sun. Dr. 
Prichard, taking the hue of the hair as 
the leading character, divides mankind 
into three principal varieties of colour, 
which he calls the melanic, the xanthous, 
and the albino. The first includes all 
individuals or races who have black 
hair ; the second, those who have either 
brown, auburn, yellow, flaxen, or red 
hair ; and the third, those who have white 
hair, and who are also distinguished by 
red eyes. " The melanic variety forms 
by far the most numerous class of man- 
kind. It is the complexion generally 
prevalent; except in some particular 
countries, chiefly in the northern regions 
of Europe and ksia, where races of the 
xanthous variety have multiplied ; and it 
may be looked upon as the natural and 
original complexion of the human species. 
The hair of the head, in the melanic races, 
is of various texture and growth, from 
the long and lank hair of the native 
Americans, to the fine crisp hair of the 
African negroes. The hue of the skin 
varies from a deep black, which is that 
of some African nations, to a much 
lighter or more dilute shade. The dusky 
hue is combined, in some nations, with 
a mixture of red, in others with a tinge 
of yellow. The former are the copper- 
coloured nations of America and Africa ; 
the latter, the olive-coloured races of 
Asia. In the deepness or intensity of 
colour we find every shade or gradation, 
from the black of the Senegal negro, or 
the deep olive and almost jet black of the 
Malabars and some other nations of In- 
.dia, to the light olive of the northern 
Hindoos. From that we still trace every 
variety of shade among the Persians and 
other Asiatics, to the complexion of the 
swarthy Spaniards, or of European bru- 
nettes in general." Examples of the 
albino variety have been noticed in al- 
most all countries. In Europe they are 
by no means uncommon ; sixteen in- 
stances have been seen in Germany by 
Professor Blumenbach. The fact of their 
occurrence in other parts of the world 



is also fully established. It appears that 
they are ffrequent among the copper- 
coloured native Americans on the isth- 
mus of Darien ; and they have been 
observed in many islands both of the 
Indian and of the great Southern Ocean. 
Among the Hindoos they are regarded 
with peculiar horror. The most remark- 
able circumstance, yet not an unusual 
one, is the birth of white negroes among 
the black races of Africa : they are looked 
upon as curiosities, and are often col- 
lected by the native monarchs. Their 
hair is of a woolly character, and many 
of them are true albinos. The xanthous 
variety may be considered as- interme- 
diate between the other two. It chiefly 
prevails in the temperately cold regions 
of Europe and Asia, where it sometimes 
runs through whole tribes ; but it also 
springs up out of every melanic race^ 
The Jews, like the Arabs, are generally 
black haired, but many may be seen witn 
light hair and eyes ; and the same re- 
mark will apply to the Russians. The 
xanthous variety also appears among 
the South Sea islanders and the natives 
of America, and even among the negro 
races of Africa, both in their own climate^ 
and in the places to which they have been 
transported. 

Varieties of form, more especially of 
the shape of the skull, furnish another 
grand instance of diversity among the 
races of men. The ingenious Professor 
Blumenbach has made the varieties in 
the construction of the skull the basis of 
a division of mankind into five principal 
races or departments, which he denomi- 
nates, 1. the Caucasian; 2. the Mongo- 
lian ; 3. the Ethiopian or Negro ; 4. the 
American ; and 5. the Malay and South 
Sea Island •. The first is that variety 
to which the nations of Europe and some 
of the western Asiatics belong ; in this 
class the head is almost round, and of 
the most symmetrical shape, the cheek 
bones without any projection, the face 
oval, and the features moderately pro- 
minent In the second class, the head 
is almost square, the cheek bones pro- 
jecting outwards, the nose flat, the face 
broad and flattened, with the parts im- 
perfectly distinguished, the internal angle 
of the eye depressed towards the nose. 
In the third class, the head is narrow 
and compressed at the sides, the fore- 
head very convex, the cheek bones pro- 
jecting forwards, the nostrils wide, the 
jaws lengthened, the skull in general 

m m The first three are (he moat strongly marked 
varieties in the form of the skull ; the remaining 
two being only approximations to the preceding 1 . 
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thick and heavy, the face narrow, pro- 
jecting towards the lower part, the nose 
spread and almost confounded with the 
cheeks, the lips, particularly the upper 
one, very thick. The fourth variety ap- 
proaches to the Mongolian : the cheek- 
bones are prominent, but more arched 
and rounded than in the skull of the 
Mongole, the form of the forehead and 
of the top of the head is often altered 
by means of artificial pressure during 
infancy, the face is broad without being 
flat, the forehead low, and the eyes deeply 
seated. In the fifth variety, the summit 
of the head is slightly narrowed, the 
forehead a little arched, the upper jaw 
somewhat projecting, the face less nar- 
row, and the features more prominent 
and better marked than in the negro. 

These descriptions give a clear idea of 
five principal varieties in the form of the 
human head; nevertheless, the attempt 
to assign them as the distinctive charac- 
ters of so many races of men is open 
to strong objections ; since, whether we 
take as a standard the figure of the skull, 
or perhaps any other peculiarity of struc- 
ture, it is impossible, with reference to 
that standard, to divide the human spe- 
cies into departments, such as can be 
regarded with probability as so many se- 
parate races or families. The third, or 
Ethiopian variety of skull, is found in 
the greatest degree among the tribes in- 
habiting the coast of Guinea and other 
western countries of Africa; but it must 
not be set down as common among all 
the Negro nations ; for there are many 
black and woolly headed races in Africa 
which come under the designation of 
Negro, who display a very different shape 
of the head and features from that de- 
scribed under the third variety. Again, 
the skulls of the New Hollanders are 
almost as much compressed as those of 
any Negroes, and they would, under the 
preceding classification, be brought with- 
in the Ethiopic race ; yet no one could 
assert that the New Hollanders and the 
woolly-headed Africans, differing so 
much in other physical characters, and 
separated by so vast a distance, should 
be included in the same department of 
the human species. On this account, 
Dr. Prichard has proposed a division of 
the varieties of the skull into three 
•classes,' distinguished by names derived 
from their forms, and not from any sup- 
posed origin of the nations to which they 
respectively belong. 

In the shape of the body, as well as in 
the size and proportion of the limbs, 



in the degree of strength 
and agility which they possess, there are 
some remarkable varieties among na- 
tions. Some Negro tribes, the Austra- 
lian or New Holland savages, and the 
Kalmucks, seem to be those which differ 
most in figure from Europeans. Ac- 
cording to numerous measurements, the 
arm below the elbow is somewhat longer 
in the Negro, in proportion to the upper 
arm, and to the height of the stature, 
than it is in the European. It has there- 
fore been remarked, that in this respect 
the generality of Negroes approach more 
to the structure of the ape ; but if we 
descend to individuals, many Europeans 
will be found in whom the fore arm is as 
long as in the majority of Negroes, and, 
on the other hand, Negroes in whom it is 
as short as in the majority of Europeans. 
A clumsy form of the legs, broad and flat 
feet, and large hands, are also described 
as peculiarities of the Negro. 

With respect to stature, the difference 
between one nation and another is gene- 
rally not very considerable. From all 
accounts, the tallest race of men existing 
are the Patagonians. They are usually 
more than six, and, in some instances, 
as much as seven feet in height. On 
the contrary, the natives of Tierra del 
Fuego are described as miserable and 
puny savages. The Esquimaux, in the 
north of America, are likewise diminu- 
tive, being generally under five feet. 
Africa also contains some small races. 
Of the Bosjesmans or Bushmen, who are 
said to be the most deformed of man- 
kind, Lichtenstein saw two individuals 
who were scarcely four feet high. This 
unhappy race, who were plundered of 
their property and hunted down like wild 
beasts by the early settlers in the Cape 
colony, have since lived among the rocks 
and woods on the northern frontier of 
the settlement, where they support 
themselves in a great measure by depre- 
dation. These instances tend to show 
that when whole races are deformed and 
stunted, it is to be attributed to exposure 
to constant hardships or an inclement 
climate, and to the wretched and preca- 
rious nature of their subsistence. Both 
extremes of stature which have been ob- 
served among nations, are frequently 
surpassed by individual examples in the 
inhabitants of different countries. Many 
natives of Europe, from eight to nine 
feet high, have been exhibited as objects 
of curiosity, and there have been dwarfs 
of less than four, and even three feet. 
The only other varieties in the human 
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race which require notice, are those in 
the texture of the skin, and the charac- 
ter of the hair. The skin of Negroes is 
said to be always cooler than that of 
Europeans in the same climate, and to 
ble distinguished for its sleekness and 
velvet-like softness. A similar observa- 
tion has been made of several. African, 
tribes, and also of the Otaheitans. 
These qualities of the. skin seem to be 
connected with the existence of the dark, 
matter by which, .among these nations*, 
it is coloured ; for in albinos,-, both 
African and Qtaheiian, the skin becomes, 
rough and inflamed, and cracks upon, 
being exposed to the- sun; The contrasts' 
between the hair of different races a*e 
exceedingly striking.. In the Negro, the 
Hottentot, and some- other races,*, the. 
hair is short and crisp, somewhat ap- 
proaching, to. the nature of. wool^, nv. 
other nations it is long, and lank ; and', 
between these two-kinds -there are nume* - 
rous gradations. In Africa, the Kaffers 
have hair like that of the Negroes^ 
some tribes have it longer ;- some again,, 
who are black and otherwise- similar to 
Negroes, have haarcurled, but not e risp» . 
The Papuas (the name by which, the. in* 
habitants of New Guinea, and/the neigh- 
bouring, islands are distinguished^ haves 
crisp hair ;,. But, unlike that of the Afri- 
cans, it'grows. very long$ and admits, of. 
being spread out into- an immense, bush*. 
The hair of the natives, of Van DiemenV 
Land is as crisp as. that of the. Africans,., 
but the New Hollanders, have straight' 
hair;, while in. the New, Hebrides it is* 
of an intermediate character, and varies* 
considerably i in the. men of the same, 
island The hair of-the natives* of Ame- 
rica is generally lank ;. in a. few instances- 
curled ; but in none crisp or. woolly,". 
> In the next place, we shall compare 
tKe diversities, of which a sketch has been 
given, as existing in the appearance of' 
fee human race, with the variations in 
form, colour, and structure, which, are 
seen in the lower ammals,and especially 
in, the domesticated, kinds. The diffe- 
rences in colour which quadrupeds- of 
the same species exhibit, are so familiar 
to the eye, that it is unnecessary to do 
more than allude to them. Among, 
horses, oxen, dogs,, cats, rabbits, &c M . 
wp continually behold hues which are 
analogous either to the rnelanic, the 
xanthous, or the albino varieties in matt- 
kind. Among several kinds of wild ani- 
mals, a white not unfrequently springs 
up. In many instances, certain colours 
are prevalent in particular breeds, and 



in some cases we might be warranted in 
concluding that the colours depend upon 
the local cneunistances-of'the countries 
in which the breed is'plaoecL Blumeis- 
bach mentions several' examples- whieh 
will illustrate this remark. He state* . 
that all the swme of Piedmont are 
black.; those of Normandy, white*; and.- 
those of Bavarian of ar reddish bvown. 
colour: In Hungary y . the x>xen are- of a 
greyish whiter in Franeonia^. they are: 
red. Theturfeeys of Normandy are blacky 
these oit Hanover almost. ail' white,. In 
Guinea* the dogs and . tile g&llmacedua f* 
fowls are asr black as? the- human racev, 
Even in our own cottatty,certaki eokrunr 
may.be* seen rjrevailiag'ia the- cofctk-of 
particular districts... Deettrc F. Bucha^ - 
nan sa^that in* Mysore -the? sfetfcntexH 
hibit three sorts of' cetetnv. red,.bkck, 
and* white* and these' are net' distinct 
breeds. Don Eeiix de :Azzas» retefets. 
someounousr. ctronmsfeaneee* respecting; * 
the colour ofethe-.heis*& andioxeaan Bat- 
raguayy where,., as weE a* i&otherrpBKts* t 
of^ South America, both:these*Kjes?hawa: 
run wild,, and become very numerous's 
He saye that all the'tfs^vfumses are o£ ! 
one colour, (a. chestnut <or bvpbmmwfo. 
whereas the domestie; horses* are ief aM. 
colours* as in othenoowrtmst. Hemakes . 
a^rmtlar. kiad.of obser**£e»ecroe£rnin£ 
theoxenv As tefcara and tiae s teue tur e 
and nroDprtionv of parts* , the dwmMeR . 
which anise in the samerace of kromals* 
far. surpass those whieh subsist 1 between, 
onenationend another among ment Al- 
luding, to the. hog? tribevJheiessor Bha* 
menbach remarks that " nematuraliet 
has carried his scepticisms fa* as to. 
doubt the desesnt .©£ the deiftestie swine* 
from thewiklboa*. Ij; j& certain that,, 
before the discovery, of, America* s by* tte 
Spaniards,.siwkie wereiunknown in that 
Quarter of the^ world v and. that , they were 
first carried thither front JSurope;- Yet* 
notwithstanding, the eoarpaffatwe stowt^ 
ness of the interval, they have in that 
country degenerated into breeds* ww- 
derfully different frost each other, and 
from the original stock. These instances; 
of diversity, and those- of the hog kind; 
in general, may. therefore be taken as 
clear and safe examples of the variation* 
which may. be expected to arise in the- 
descendants of one stock." He alter* 
wards observes-that the difference be* 
tween the craniums of the Negro and of 
the European is not greater than t^nt> 
between the craniums of the wild . boar 
and of, the domestic swine. In the 

* Ei\>ai gallus, a cock. 
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I breeds of oxen, sheep, and horses, we 

/ may discern additional examples of de- 

/ viation from an original standard. Some 

I breeds of sheep and oxen- are destitute 

/ of horns; others, on the contrary, are 

/ distingaished by the large -size of their 

I horns. In Paraguay there are breeds of 

I oxen without horn®, descended from the 

I common horned race. With respect to 

I horses, Blmftenbacb again observes that 

I there is less difference in the form of the 

/ sfcufl in the most dissimilar of mankind, 

I than between the elongated* head of itbe 

I Neapolitan horse and the skull of > the 

Hungarian breed, which ; is> remarkable 

for ite shortness and the extent. of the 

lower jaw. The varaetieeinthe covering 

of aAonalsh are not less worthy of r*> 

Ue» than those to which reference has 

akeady been made. In the same race 

ofsheep> some are clothed with wool* 

othewwith hair. It is- known' that if a M 

flock; is/ neglected, .the fine- wool is- swe* 

ceeded by awnuctecoarsexr growth* iater>- 

mixed with strong hairs ; ; the* breed* be* 

in$ n^ longer kepfc upwith care, .seems 

gfad&afyto de^evatetowatds the d»r 

ractertf of the argaft;,or~ witd'. sheep of 

Siberia; which tnatiwal*Bts> consider to> be 

thfestoek whence att domes tie sheep have 

proceeded. A striking specimen of the 

changes' which occur in* breeders* af- 

forded'b5rthe steepfofitheWest India 

island's? wfateh* jMm$K^<m(mie&&om • 

ther woeByi sheepof » Europey are- covered . 

with course heir^ The datoerieratkm has ■ 

ussa% beew^tribotedto-the heatof the; 

climate; but it mast also be referred to 

the caifccrnistsjnoeof their? bteed having 

been neglected. Other animals, streh as 

£Oats<and (tegs^^dis^y' a similar variety 

in the natareof their covering. 

The preceding facts clearly prove that; 
inr the lower 7 animal creation, there 
spring up, iff the same species r varieties 
of an. analogous or similar kind to those 
■which mark the different' races of men, 
The -existence of this analogy confirms 
still farther the opinion expressed as to 
the. unity' of the humaw species. It now 
only remains to inquire whether it is ab- 
solutely known* that varieties have arisen 
ir*.a family or race of men similar to 
tiJDse diversities which distinguish one 
xiation from another. 

It is a well-attested fact that, among 
xiecroes and other dark-coloured tribes, 
individuals of the albino and xanthous 
complexions are not unfrequently born ; 
wm& with respect to form and structure, 
aartd the texture of the skin and hair, 
xnany instances are recorded wherein 



surprising peculiarities have made their 
appearance in a race or family, and some 
in which these have been transmitted to 
descendants. The description of such 
cases would exceed the limits of the pre- 
sent treatise ; but an account of several 
may* be seen by referring to the au- 
thor* whom we already cited. 

It appears, therefore, that if we apply 
to the su^eejfnder discussion the seve- 
ral criteria smed at the outset of this, 
inquiry, the- results, every one, lead to 
the inference that the various nations of 
the globe are descended from the same 
stock. This inference is drawn, flrst, 
from t the observed: uniformity in the 
grand laws of their animal economy, 
allowance, of coarse,, being made for the 
effects of climate and of particular 
habits ; secondly, from the existence in 
the same species among the inferior 
tribes of the creatiotiy. of varieties ana* 
logons to those vdiktooeeur in mankind; 
and thirdly, from the fact' of varieties 
being really' known to have sfifag up 
among meny more or 1 less^siH&r to 
those whkh distinrtaah'dftfireflt nations*. 
There isj 
the- simi 
obviously 
which ar* 
remote t 
come th 
nations, ^ 
their- apf 
general,, 
indmdus 
themeelv 

attained to anything like a prevalence 
throughout whole communities. But 
thfc'is* a rirenmst&Ree which it does not 
seem difficult to explain, if we consider 
that, ever since the population of the 
world has been of large amount, the pos* 
sessors of any peculiar organisation have 
borne such a very small numerical pro^ 
portion to the nation to which they be- 
longed, that it is no way surprising that 
they should soon have been: lost in the* 
general mass, still less that they should 
have failed to impress it with their- own 
peculiar characters. In the early period 
of the world, when mankind, few in num- 
bers, were beginning to disperse them~ 
selves in detached bodies over the face 
of the earth, the case was altogether dif- 
ferent, and we can easily understand 
how, if any varieties of colour, form, or 
structure, then originated in the human 

• Dr. Prichard's " Researches into the Physical 
History of Mankind." 
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race, tley would naturally, as society 
multiplied, become the characteristics of 
a whole nation. These considerations 
may suggest to us the manner in which 
national diversities first obtained their 
ascendancy. The causes of those diver- 
sities are/ and probably ever will 're- 
main, enveloped in mystery ; and the 
inference as to the unity of the human 
kind is not weakened by reliability to 
assign those causes, since wBre ignorant 
of the occasions even of the varieties 
which sometimes display themselves 
within the limits of a single family. 

It will be seen, however, upon a com- 
prehensive survey, that in the distribu- 
tion of the different races of men there is 
a certain relation to climates. We may 
observe that the black races of men 
are principally situated within the torrid 
zone ; and the white races in the regions 
approaching towards ihe pole ; and that 
the countries bordering on the torrid 
zone are generally inhabited by nations 
of a mi\%le complexion. It farther ap- 
pparptf;*? the natives of mountainous 
and ewvated,*racts are usually of lighter 
colour than jtne natives of the low and 
hot plains on the sea-coast. In Africa, 
•most of the races between the tropics 
;are either black or of a very deep co- 
lour ; while beyond the tropics the pre- 
vailing complexion is either brown or 
red. The people of Fezzan, who are of 
a black hue, form an exception to this 
rule ; but it has been remarked of them, 
that they are chiefly slave-dealers, and 
have been intermixed with the negro 
race brought from the interior of Africa. 
In other countries of the globe, the ma- 
jority of the nations near the equator are 
almost black. In India there are black 
tribes in Malabar ; and the Hindoos of 
the Deccan are generally very dark, as 
are also the inhabitants of Ceylon. In 
most of the islands of the Indian ocean, 
the aborigines are of a black colour ; and 
still further eastward are the Papuas of 
"New Guinea and the black inhabitants 
of Solomon's islands and the New He- 
brides. In equatorial America, the na- 
iiyes are not so dark as in other parts 
ol the torrid zone; but its elevated 
mountains, vast rivers, and extensive 
forests, impart a peculiar character to 
the climate of the New World, which 
may probably account for the difference. 
In the low countries of California it is 
remarked that the population are nearly 
as dark as negroes. 

It is a very general opinion, that the 



origin of the diversities of colour in 
mankind is to be referred entirely to the 
gradual influence of climate and of the 
sun's rays in darkening the complexion ; 
it being a commonly- observed feet, that 
the skin, even of white men, becomes 
embrowned by constant exposure to the 
heat. But there are circumstances 
which militate against this opinion. 
There is positive testimony that the off- 
spring of individuals, darkened by the 
sun in hot countries, is born with the 
original complexion, and not with the 
acquired hue of the parents * ; besides 
which, it is known that white races of 
men, who have been removed from a 
cold to a hot climate, and have not inter- 
married with the natives, have retained 
for ages their original colour ; while, on 
the other hand, black families, when 
transplanted into more temperate coun- 
tries, have remained for generations of 
exactly the same hue as their African 
progenitors. Dr. Prichard has also re- . 
marked that the above supposition is 
contrary to a general law of the animal 
economy, according to which, acquired 
varieties + are not transmitted from pa- 
rents to their offspring, but terminate in 
the generation in which they have had 
their origin. 

Yet although it seems that the exist- 
ence of varieties cannot be attributed to 
the slow and gradual operation of cli- 
mate upon successive generations, nu- 
merous facts lead to the conclusion that 
there is a natural tendency among races, 
both of men and animals, to the pro- • 
duction of varieties suited in form and 
constitution to the local circumstances of . 
the country where they arise. Or it 
may, perhaps, be better explained, in 
some cases, by supposing that, whatever 
varieties occur, the ability to establish a ! 
footing in any country belongs to those 
only which possess a constitution adapt- . 
ed to local circumstances. Thus men 
of the xanthous variety of colour are ' 
known to spring up among the negroes in 
Africa ; but their constitution being en- 
tirely unsuited to the climate, we cannot 
believe that they would ever become nu- 
merous in that continent. In the tem- 
perately-cold regions of the world they . 
would be favourably circumstanced; 
and we accordingly see that this variety 
has multiplied there to a considerable 
extent 

« Dr. Prichard's *' Researches," toI. ii. pp. 638, &c. 
f Acquired varieties are opposed to those whioh 
a person brings into the world at his birth. 
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